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1
1.1 Introduction
Floods are the most frequent and the most lethal of natural hazards. A flood is
a high flow of water which overtops either the natural, or the artificial banks of a
river. However such an event cannot be described as a hazard unless it threatens
human life and property. As much land is owned, cultivated and used by humans there
are not many floods that can’t be perceived as natural hazard. Flood, as defined by the
International Commission on Irrigation and Drainage (1951), is a relatively high flow
or stage in a river, markedly higher than the usual; it also includes the inundation of
low land which may result there from. Floods may be caused by natural events, by
human activities, or by combinations of both. Regardless of their cause, floods have a
profound effect on people and the economy. On an annual basis floods leave over 3
million people homeless and affect the personal and economic fortunes of another 60
million people (world commission on Disasters, 2000). Floods cause a lot of damage
to human beings, animals and property in terms of physical damage, causalities and
public health, water supplies, damage to crops and food supplies etc. Flood hazard is
not limited to any particular country. The occurrence is found frequently even in
developed countries like USA, UK, Australia, New Zealand and so on at varied
proportion. Some 5 million Chinese lost their lives in floods between 1860 and 1960
(Ghosh, 2006). Since the dawn of civilization, destructive floods have jeopardized
settlements located in river valleys and floodplains. Throughout the history of
mankind, floods have brought tremendous wealth and prosperity to civilizations, and
yet at the same time, they have caused huge losses and resulted in untold suffering for
millions of people. In fact, for the ancient Egyptians’ floods were a cause for
celebration as the soil got enriched from rich soil brought from downstream regions.
Such a periodic renewal was seen as a gift of nature (Murthy, 2007). Floods are the
most devastating natural hazards in the world causing the largest amount of deaths
and property damage (Committee on Earth Observation Satellites, 2003). According
to the Red Cross, floods between 1971 and 1995 affected more than 1.5 billion people
worldwide, including 318,000 persons who were killed and over 81 million left
homeless (International Federation of Red Cross and Red Crescent Societies,
IFRCRCS, 1997). A ten-year comparative study of the world’s great flood disasters
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from 1950 to 1998 showed that the number of flood events increased nearly threefold,
while the economic losses of the 1990’s are ten times as high as in the 1950’s,
amounting to $250 billion globally (Loster, 1999).
Floods are increasing very rapidly as compared to other types of natural
hazards. They are treated as physical and socio-economic phenomena which in turn
affects man’s activities (Khan, 94). From time to time rivers overflow their banks,
causing disasters involving loss of life and destruction of property in their wake
hardships, suffering, disease and famine etc. Floods are unexpected and
uncontrollable and were common long before the man was able to understand the
natural processes. Even today, most floods are independent of man’s influence. But
human beings have contributed to the problem by urbanization, by ceiling of water
absorbing ground with buildings and pavements, ill conceiving practices in
lumbering, agriculture and industries. The sensitivity of the river floods to land use
change showed to be effectively dependent on the climatic behaviour and the
geomorphologic characteristics of the river basin. Despite developments in
technology and extensive investments in flood control works, frequency in flood
occurrences and the accompanying hardship and material damages are not decreasing.
However, floods are also among the events widely regarded by people as natural
hazards. Actually, the frequency, extent and subsequent hazards associated with flood
events have dramatically increased over the last few decades (Bechtol and Laurian,
2005). This trend is largely due to human activities, mostly related to land use
changes and consequent floodplain loss. Research on the impact of the change of
vegetation on the water balance at catchment scale has been subject to extensive
observation and modelling across the world for many years (McCulloch and
Robinson, 1993). But quantifying how changes in land use affect the hydrological
response at the river basin scale is a current challenge in hydrological science. Rivers
are the natural drainage channels which carry away part of the precipitation that falls
on the earth's surface. Flooding is an important process in the natural environment and
cannot be entirely prevented. Land use/land cover changes influence the condition for
transformation of precipitation into runoff. The qualitative impact assessment of
urbanization, deforestation or agro technical practice on size of flood discharge or the
volume of flood waves is not a problem (Smith and Ward, 1998; Neaf et al., 2002).
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For instance, the change of agricultural or forest landscape into an urbanized
landscape or the change of forest landscape into agricultural landscape are dramatic
changes and the impact of urbanization or deforestation on the discharge process is
comparatively easily identified. Built-up impermeable areas cause formation of rapid
overland flow at the cost of the natural retention and subsurface or groundwater flow.
The consequence of a rapid runoff into the streams is faster formation of flood waves
and the increased volume/size of flood wave discharge culminations. There are
several evidences that changes in land use have influenced the hydrological regime of
various river basins. These impacts can be significant in small basins (Jones and
Grant, 1996). Generally speaking, the hydrological impacts of land use change depend
not only on the overall changes in land use types but also in their spatial distribution
(Schumann and Schultz, 2000). It is, however, more challenging to quantify the
impact of land use change on the rainfall-runoff relations for large basins where the
interactions between land use, climatic characteristics and the underlying hydrological
processes are often more complex and dynamic (Uhlenbrook et al., 2001). Records of
recent flooding at many locations worldwide indicate the more frequent occurrence of
floods due to climate variability where an increase in heavy precipitation might lead
to an over-proportional increase in runoff due to non-linear processes. For instance
due to the increased winter rainfall totals and intensities over the second half of the
20th century, signs of increased flooding probability in many areas of the Rhine and
Meuse basins have been documented (Liu et al., 2004). It is, however, at present
rather uncertain, how much and at which temporal and spatial scale environmental
changes are likely to affect the generation of storm runoff and, consequently, the
flood discharge of large rivers (Bronstert et al., 2002). Conversion of agricultural,
forest, grassland and wetlands to urban areas usually comes with a vast increase in
impervious surface, which can alter the natural hydrologic condition within a
watershed. It is well understood that the outcome of this alteration is typically
reﬂected in increases in the volume and rate of surface runoff and decreases in ground 
water recharge and base ﬂow (Andersen, 1970; Lazaro, 1990; Moscrip and 
Montgomery, 1997), which eventually lead to larger and more frequent incidents of
local ﬂooding (Field et al., 1982; Hall, 1984). With increasing human alteration and
development of the catchment area, the runoff generation process is changed
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especially through decreasing the infiltration capacity of the soil cover. Flood
hydrology of a watershed shows an intimate relationship with the prevalent land use.
As the watershed becomes more developed, it also becomes hydrologically more
active, changing the flood volume, runoff components as well as the origin of stream
flow. In turn, floods that once occurred infrequently during predevelopment periods
have now become more frequent and more severe due to the transformation of
watershed from one land use to another.
Flooding can have catastrophic impacts on the people, the economy, and the
environment. The impacts of flooding are difficult to quantify due to, for example,
situational dependence, such as a persons’ previous exposure to flooding or other
natural disasters. A person’s ability to prepare and cope with a flooding event is
highly individual, though there are demographic studies which suggest ways to
identify a more vulnerable population. Demographic variables of a region are
statistical characteristics which include age, gender, ethnicity, financial status,
religion, crowding index, housing density, literacy, marital status, language, and
lifestyles. There are specific demographic characteristics which indicate a population
is ‘more at risk’ or ‘vulnerable to damages’ in the occurrence of hazardous events.
These characteristics are termed vulnerability indicators. Historically, flooding has
caused great damage to property, and physical infrastructure of many affected
communities. However, damages that are caused by floods are not always external.
The impacts of flooding on the lives of people and the inconveniences it causes to the
population are also indices of flood damage. The population directly affected by the
flood (in the form of direct damages to property or loss of life) generally suffers the
largest impact (Hausmann and Perils, 1998). However, the population indirectly
involved in flood events is also affected, and suffers damages. A flood can be caused
by the overflow of rivers, tsunamis, hurricanes, storm surges, dam failures or flash
flooding. The term flood hazard refers to the likelihood or probability of a particular
flood event occurring. The exceeding probability represents the likelihood of a flood
event, or the probability that during a particular time interval, river flow will exceed
some specified or threshold value. The exceeding probability is representative of
flood hazard, and is an integral component of flood risk. Flood risk can be defined as
total losses due to a flood event occurring in a specific area. Mathematically, risk is
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considered the product of a hazard and vulnerability. The vulnerability of a particular
region is characterized by physical, economic, infrastructure, and social susceptibility
or sensitivity to damage from a flood event (Hebb and Mortsch, 2007). These
categories of vulnerability are composed of a number of flood risk indicators that are
grouped together in similar themes. Often, vulnerability is associated with existing
social systems (Chakraborty et al., 2005).
The ‘exposure’ is considered as a separate component of risk. It is affected by
hydrologic conditions and flood response. Community leaders and decision-makers
should be aware of the effects that changing land use has on precipitation and flood
patterns (Sullivan et al., 2004). Due to high spatial variability of many variables
considered in flood risk analysis, the Geographical Information Systems (GIS)
appeared to be an effective tool for the flood risk computation and presentation. The
combination of spatial data with various available statistical information in GIS,
provides the support to decision-makers for improved planning of community growth.
Floods are naturally disruptive. They affect people’s lives physically, mentally, and
financially. Haussmann and Perils (1998) introduced description of direct, indirect,
and intangible flood losses. Direct losses from flooding are those which cause
structural damage to buildings, structures or infrastructure and include the financial
consequences of cleaning up, mitigation and disposal. Indirect losses include damage
due to business disruptions, power losses, travels and communication interruptions.
Intangible losses include physical, financial or other damages which cannot be
quantified. They include damages such as traffic delays, psychological suffering, or
loss of sense of security. All of these types of damages should be considered in flood
assessment and mitigation schemes. Flood risk analysis can provide insightful
information to insurance companies in communities where flood insurance is offered
as a non-structural measure. Small scale flooding happens more frequently and it is
easier to assess damages than a larger scale flood event (Haussmann and Perils,
1998). If flood insurance is offered, it is the responsibility of insurance companies to
provide economic assistance to, and aid in the rapid recovery of flood victims. It is
difficult to determine whether or not to invest in, or provide insurance opportunities to
flood risk communities. Without detailed research and investigations, communities of
people may be overlooked in flood risk insurance policy planning, or community
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members may not be aware of the potential flood risk they may face (Menzinger and
Brauner, 2002). This demands an exhaustive flood risk-vulnerability analysis.
Anthropogenic land-use changes cause various hydrologic and geomorphic
adjustments, including alterations in the size and timing of flood peaks (Hornbeck et
al., 1970; Knox 1972, 1977; Potter 1991; Orbock-Miller et al., 1993) and in the
magnitude and type of soil erosion (Douglas, 1967; Piest and Spoomer, 1968; Costa,
1975; Renfroe, 1975). For forest land-use, it has been observed that afforestation and
the promotion of sustainable forest management will considerably increase the water
retention capacity in landscapes (FAO 2003). The areas most vulnerable to damage by
flooding are urban areas (Vander Sande et al., 2003) and thus, the urbanization of
hazardous areas is the responses of the recent dramatic flood disasters (Water
Directors, 2003; Handmer, 2000). Change in land use exerts a significant influence on
the relations of rainfall-runoff and/or runoff-sediment (Yang and Yu, 1998) and alter
soil and water loss accordingly (Kim et al., 2002).
From a geological perspective, floods are a natural consequence of stream
flow in a continually changing environment. Floods have been occurring throughout
earth’s history, and are expected so long as the water cycle continues to run. Streams
receive most of their water input from precipitation, and the amount of precipitation
falling in any given drainage basin varies from day to day, year to year and century to
century. Heavy rains, land use change including deforestation in the basin areas and
various engineering applications on river channels all contribute to the magnitude and
frequency of flood events. A rainfall contains an astonishing amount of water. It has
been computed that one inch of rain falling evenly over one acre (43560 sq. feet)
amounts to a total of 6.27 billion cubic inches of water which is equivalent to 27100
gallons of water. If one inch of rain falls over an area of forty thousand square miles,
the volume of water would be more than two million acre feet i.e. two million acres of
land would be covered by water to a depth of one foot. This amount is equal to six
hundred fifty million gallons of water. The loss from gross storm rainfall on a
drainage basin is an important parameter in a wide range of hydrological studies. Loss
is the difference between rain which falls on a basin and the direct storm runoff which
results from that rain. Over a long period it has been widely accepted that the losses,
which are mainly comprised of interception, infiltration and depression storage are
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related to basin soil and vegetation characteristics. This widespread acceptance is
reflected in design flood estimation. For example in guides to practice such as the
American Society of Civil Engineers Manual of Engineering Practice (1949) the
infiltration capacity is related to soil and land use characteristics. In the US
Department of Agriculture National Engineering Handbook (1971) the difference
between storm rainfall and storm runoff is related to soil type and land use. A similar
relationship is recommended in the UK Flood Studies Report (Natural Environment
Research Council, 1975), the difference between storm rainfall and runoff being
related solely to soil characteristics. The last two of these examples are concerned
with the differences between total storm rainfall and storm runoff.
The hydrological processes responsible for flood generation are continuous
and interrelated across a river basin. There is a close relation between water resource
management, river management, land use management, forest management, erosion
control, agriculture, urban drainage and sewerage within a basin. The frequent
occurrence of several extreme flood events since 1990 has brought up an ongoing
debate about the human impact on this phenomenon. According to the European
Environment Agency (EEA, 2004), the main driving forces behind floods are “climate
change, land sealing, changes in catchment and floodplain land-use, population
growth, urbanization and increasing settlement, roads and railways and hydraulic
engineering measures”. Land use change is an important characteristic in the runoff
process that affects infiltration, erosion, and evapotranspiration. Due to rapid
development, land cover is subjected to changes causing many soils to become
impervious surfaces which lead to decrease in the soil infiltration rate and
consequently increase the amount and rate of runoff. The major changes in land use
that affect hydrology are afforestation and deforestation, the intensification of
agriculture, the drainage of wetlands, road construction, and urbanization (De Roo et
al., 2001).
Land use/land cover changes influence the condition for transformation of
precipitation into runoff. The qualitative impact assessment of urbanization,
deforestation or agro technical practice on size of flood discharge or the volume of
flood waves is not a problem (Smith and Ward, 1998; Neaf et al., 2002). For instance,
the change of agricultural or forest landscape into an urbanized landscape or the
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change of forest landscape into agricultural landscape are dramatic changes and the
impact of urbanization or deforestation on the discharge process is comparatively
easily identified. Built-up impermeable areas cause formation of rapid overland flow
at the cost of the natural retention and subsurface or groundwater flow. The
consequence of a rapid runoff into the streams is faster formation of flood waves and
the increased volume/size of flood wave discharge culminations. There are several
evidences that changes in land use have influenced the hydrological regime of various
river basins. These impacts can be significant in small basins (Jones and Grant, 1996).
Generally speaking, the hydrological impacts of land use change depend not only on
the overall changes in land use types but also in their spatial distribution (Schumann
and Schultz, 2000). It is, however, more challenging to quantify the impact of land
use change on the rainfall-runoff relations for large basins where the interactions
between land use, climatic characteristics and the underlying hydrological processes
are often more complex and dynamic (Uhlenbrook et al., 2001). Records of recent
flooding at many locations worldwide indicate the more frequent occurrence of floods
due to climate variability where an increase in heavy precipitation might lead to an
over-proportional increase in runoff due to non-linear processes. For instance due to
the increased winter rainfall totals and intensities over the second half of the 20th
century, signs of increased flooding probability in many areas of the Rhine and Meuse
basins have been documented (Liu et al., 2004). It is, however, at present rather
uncertain, how much and at which temporal and spatial scale environmental changes
Land use/land cover changes influence the condition for transformation of
precipitation into runoff. The qualitative impact assessment of urbanization,
deforestation or agro technical practice on size of flood discharge or the volume of
flood waves is not a problem (Smith and Ward, 1998; Neaf et al., 2002). For instance,
the change of agricultural or forest landscape into an urbanized landscape or the
change of forest landscape into agricultural landscape are dramatic changes and the
impact of urbanization or deforestation on the discharge process is comparatively
easily identified. Built-up impermeable areas cause formation of rapid overland flow
at the cost of the natural retention and subsurface or groundwater flow. The
consequence of a rapid runoff into the streams is faster formation of flood waves and
the increased volume/size of flood wave discharge culminations. There are several
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evidences that changes in land use have influenced the hydrological regime of various
river basins. These impacts can be significant in small basins (Jones and Grant, 1996).
Generally speaking, the hydrological impacts of land use change depend not only on
the overall changes in land use types but also in their spatial distribution (Schumann
and Schultz, 2000). It is, however, more challenging to quantify the impact of land
use change on the rainfall-runoff relations for large basins where the interactions
between land use, climatic characteristics and the underlying hydrological processes
are often more complex and dynamic (Uhlenbrook et al., 2001). Records of recent
flooding at many locations worldwide indicate the more frequent occurrence of floods
due to climate variability where an increase in heavy precipitation might lead to an
over-proportional increase in runoff due to non-linear processes. For instance due to
the increased winter rainfall totals and intensities over the second half of the 20th
century, signs of increased flooding probability in many areas of the Rhine and Meuse
basins have been documented (Liu et al., 2004). It is, however, at present rather
uncertain, how much and at which temporal and spatial scale environmental changes.
Various definitions of vulnerability have been provided in the context of
natural hazards and climate change (Varnes, 1984; Blaikie et al., 1994; Twigg, 1998;
Kumar, 1999; Kasperson, 2001). From these definitions, vulnerability can be viewed
from the perspective of the physical, spatial or locational, and socioeconomic
characteristics of a region. Physical vulnerability could be referred to as a set of
physical conditions or phenomena, such as geology, topography, climate, land use and
land cover, and so forth, which renders a place and the people living there susceptible
to disaster. Spatial vulnerability is closely related to physical vulnerability. The
degree of danger or threat and the levels of exposure and resilience to threat are
closely associated with location. Hence, spatial vulnerability is a function of location,
exposure to hazards, and the physical performance of a structure, whereas
socioeconomic vulnerability refers to the socio-economic and political conditions in
which people exposed to disaster are living. In recent years, a number of studies have
recognized the importance of estimating peoples vulnerability to natural hazards,
rather than retaining a narrow focus on the physical processes of the hazard itself
(Hewitt, 1997; Varley, 1994; Mitchell, 1999).Cannon (2000) argued that natural
disaster is a function of both natural hazard and vulnerable people. He emphasized the
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need to understand the interaction between hazard and people’s vulnerability.
Vulnerability to flood hazards is likely to increase unless effective flood mitigation
and management activities are implemented. An important prerequisite for developing
management strategies for the mitigation of extreme flood events is to identify areas
of potentially high risk to such events, thus accurate information on the extent of
floods is essential for flood monitoring, and relief (Smith, 1997).
The initiating causes of a hazard may be either an external (e.g. earthquake,
flood or human agency) or an internal (defective element of the system e.g. an
embankment breach) with the potential to initiate a failure mode. Hazards are also
classified as either of natural origin (e.g. excessive rainfalls, floods) or of man-made
and technological nature (e.g. sabotage, deforestation, industrial site of chemical
waste). Concentrating on the flood hazard, it can be supported that the capture of the
natural phenomenon requires the frequency of the flood events as well as their
magnitudes (and thus their anticipated flood damages) (Alexander, 1991). Since the
magnitudes of flood events can be modelled by a probability density function, flood
hazard can be estimated by the probability that the flood damage that occurs in any
one year. In general, risk as a concept incorporates the concepts of hazard {H}
(initiating event of failure modes) and vulnerability {V} (specific space/time
conditions). It is customary to express risk (R) as a functional relationship of hazard
(H) and vulnerability (V).
(R) = (H) × (V) Vulnerability to flood disasters is great.
Almost all the countries in the world are prone to one or more forms of
disasters. Frequent occurrence of natural disasters cause huge loss of lives, properties,
and physical infrastructure. It also causes socio-economic disruptions and
environmental degradation in the affected communities. Disaster statistics indicate
that the frequency and intensity of extreme natural events have increased in recent
years (UNDP 2004).
Though the assessment of vulnerabilities is essential, it is complicated due to
the social, economic, political and institutional patterns of societies (Villagran, 2008).
At present no standard model/methodology exists to carry out spatial vulnerability
assessment (Thywissen, 2006; Alwang et al., 2001; Brooks, 2003). Different
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scientific communities follow different approaches for flood vulnerability assessment.
Additionally, vulnerability and risk assessment are not properly done and available in
many disaster prone countries. For example, Bangladesh being one of the most flood
prone countries in the world lacks proper vulnerability and risk assessment. In
maximum cases the analysis of disaster damages mainly focuses on the economic
evaluation of tangible effects and important social and ecological aspects of
vulnerability are neglected.
Therefore, it is a challenge to develop a wider perspective for vulnerability
assessment including physical, social, economic, and other important factors. Several
studies suggest that there is necessity to develop a comprehensive methodology for
flood vulnerability assessment. The potential methodology should incorporate
relevant vulnerability indicators and appropriate approaches for flood vulnerability
assessment. In addition, vulnerability assessment should be conducted at the
appropriate level/scale.
Social vulnerability is not directly observable phenomenon and there are some
difficulties in quantification. Many researchers have paid much more attention on the
theoretical and conceptual aspects of social vulnerability (Turner et al., 2003; Adger,
2006; Eaken and Luers, 2006), yet relatively few have presented methods to assess it
empirically. One of the most common approaches for characterizing social
vulnerability is the use of a range of indicators (Cutter et al., 2003; Birkmann 2006;
Burton and Cutter, 2008). In essence, social vulnerability can be interpreted as
inherent inequality with respect to natural hazards.
On the basis of conceptual framework for analyzing flood vulnerability
assessment, a methodology to characterize social vulnerability to flood hazards has
been developed, which employs spatial multi-criteria analysis approach (MCA).
1.2 Significance of the Study
An extreme natural event becomes a disaster when it has a large impact on
human settlements and activities. Therefore, the study of floods includes a strong
component of both social and natural science (Andjelkovic, 2001), and flood risk
management must consider several aspects, such as climatic, social, economic,
institutional and technical issues. Floods are one of the most dramatic interactions
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between man and nature (Ward, 1978). There has always been a struggle between this
force of nature and mans adequate efforts to control it. Throughout the history floods
have been an integral part of our civilization. Still men have not quite coped well to
live with floods. This can be attributed to the complex nature of the flood as well as to
the varied response to it.
Since the twentieth century, the frequency of global flood disaster has been
higher than any time before. One of the important reasons is land use/land cover
change by the human activities. In the recent years, scholars have conducted
researches on the relationship between land cover and hydrologic factors such as near
surface evapotranspiration, interception, infiltration and run-off generation and
concentration. As extreme hydrological phenomena, floods can influence many
aspects of human life due to their destructive effects and the significant expenses of
mitigation efforts. As the earth’s population has been growing rapidly and more stress
is put on the land to support the increased population, hydrologic resources are
affected both on local and global scale. It is increasingly recognized that the
management of land and water are inextricably linked (Defra, 2004). The potential for
surface runoff and soil erosion has mostly affected by land use and cultivation (Van
Rompaey et al., 2002). In urbanized regions, flood is a primary obstacle to urban
security. So, it is necessary to study the effect of land use/cover change on surface
runoff. The change of characteristics of stream flow in the drainage basin caused by
the great change in land use/cover in the urbanization process could be very severe:
(1) With the expanded urban area, the waterproof area grows rapidly, accordingly the
original capability of rainfall detention in the drainage basin declines sharply while
the runoff coefficient grows evidently. (2) The large area of urbanized land leads to
the decrease of the surface coarseness, while the building of road and drainage system
also contributes to the rapid growth of runoff concentration speed and greatly
shortened time of runoff concentration. (3) As the detention capability in the drainage
basin declines and the runoff concentration speeds up, the wave shape of flood
becomes more susceptible to high precipitation intensity in short time, and the
original capability of smoothing the flood wave shape in the drainage basin is
decreased, making the flood wave shape sharper than as was before the exploitation of
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the drainage basin and also leading to an evident growth of the flood peak discharge
(Chen et al., 1993).
Flooding is the leading cause of losses from natural hazards and is responsible
for a greater number of damaging events than any other type of natural event. It is
reported that flood disasters account for about a third of all natural disasters by
number and economic losses. In addition, they are responsible for over half of the
deaths associated with all such disasters (Loster, 1999). What is more, there is the
trend of an increasing number of deaths being due to floods. Every year we are made
aware of serious floods that lead to significant loss of life in one part of the world or
another. In recent years there have been catastrophic floods in Bangladesh (1997),
China (1998), Ecuador (1997), Mozambique (1997), USA (1993), Poland (2000), and
Czech Republic (2001), India (2008) and Pakistan (2010). The flooding in Pakistan,
which started in late July, has directly affected over 20 million people. Over 1.8
million households have been destroyed or damaged. Approximately 1,752 people
have died and over 2,700 have reported injured (OCHA-United Nations, 2010).
Human activities have profoundly changed the land on which we live. In
particular, land use and land management change affect the hydrology that determines
flood hazard and water resources for human and environmental need. Soil forming
environments and erosion processes is a much debated question when studying the
relationship between human impact and environment change (Ballantyne and
Wittingtone, 1999; Vanniere et al., 2003). The EU Directive on the assessment and
management of flood risks (Floods Directive) states that measures to reduce flood
risks should, as far as possible, be coordinated throughout a river basin if they are to
be effective. In particular, land use and land management change affect the hydrology
that determines flood hazard and water resources for human and environmental need.
Soil forming environments and erosion processes is a much debated question when
studying the relationship between human impact and environment change (Ballantyne
and Wittingtone, 1999; Vanniere et al., 2003). The EU Directive on the assessment
and management of flood risks (Floods Directive) states that measures to reduce flood
risks should, as far as possible, be coordinated throughout a river basin if they are to
be effective. It also notes that floods are natural phenomena which cannot be
prevented but it elaborates on this by stating that some human activities and climate
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change contribute to an increase in the likelihood and adverse impacts of flood events.
These human activities are described as including increasing human settlements and
economic assets in floodplains and the reduction of the natural water retention by
different land use classes. The Directive therefore, suggests that catchment land use
could potentially have an important role to play in flood risk management. Land use
can be planned on a catchment scale to target the causes of flooding by distributing
certain land uses in key areas within the catchment. The land uses to be considered
include the catchment’s vegetation cover, soil cover, river channels, and related
aspects such as ground drainage, access roads and river morphology. For flood
management these land uses need to be distributed to control the rate of runoff during
storm conditions and the rate of flow down the watercourses.
The river Jhelum which is the main drainage basin is prone to recurrent floods
which inundates the whole Kashmir valley floor including Srinagar as well. Flooding
has been a recurrent phenomenon in Srinagar which causes great loss to life and
property as well. The major causes of flood hazard in the area are the torrential
rainfall and heavy melting of snow, ice and glaciers in the upper catchment area.
Besides there are some intensifying factors such as the heavy encroachment over the
low lying area and over the flood plan of river Jhelum which is the effect of increased
urbanization, that means a huge number of population is exposed to floods that is
during summer season the discharge increases and in effect the excess water
overflows the natural level and causes great damages to life and property of the area,
the more increased urbanization has exposed more human population and assets to
floods which directly increases the flood-risk vulnerability
The physiographic make up of the major part of the study area had made it
vulnerable to varying degrees of flood hazards and water logging problems. The
urban expansion has taken place in the marginal areas of the greater city which has
low laying physiography as it constitutes the part of the Jhelum valley floor.
The present study will be of significant importance as its focus has been the
identification of the areas of greater Srinagar vulnerable to different types of flood
risks, which will be utilized as a vital input for the formulation of planning strategies
with regard to flood control and management policies. The study would also be
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helpful in the formulation of the urban growth policies of Srinagar, particularly in
demarcating the areas favourable for physical expansion of the city.
1.3 Objectives of the Study
The study focuses to accomplish the following objectives:
i. To evaluate the flood history of the study area,
ii. To make an assessment of land use/land cover dynamics,
iii. To identify the areas and proportion of population vulnerable to floods and to
divide the study area into various flood hazard zones,
iv. To suggest a tangible flood management plan and to use it as a guide for
future urban planning.
1.4 Data Sets
A varied database has been used to achieve the above stated objectives which
includes:
a) Survey of India topo sheets
The following survey of India topographic sheets of 1971 on 1:50000 scale
were used to generate the base maps and various, layers such as drainage, slope, road,
village and ward location map for the base year.
J/12, J/15, J/16, K/9, K/13, N/4, O/1
b) Satellite Image
Land use/ land cover map of the study area were generated from Landsat TM
(1992) and LISS III (2010) images.
c) Census Data
Census of India, data 2001 and 2011(projected) was used to analyze the socio-
economic profile of the study area (village and ward wise) which helped in computing
various demographic variables.
d) Flood Inundation and Hydrological data
Flood inundation data (1988.1992,1997,2006) and hydrological data of the
study area of various time periods was obtained from the Irrigation and Flood control
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department Srinagar Govt. of J&K, for spatio-temporal analysis of previous floods of
the study area and other related aspects.
1.5 Methodology
One of the important tasks under this research was to assess the flood
vulnerability of the places and people of Greater Srinagar. Though a number of
studies have been conducted to assess the physical vulnerability (Varnes 1984;
Blaikie et al., 1994; Twigg 1998; Kumar, 1999; Kasperson 2001), but very few
studies have been conducted to link the physical vulnerability to the social
vulnerability. Physical vulnerability could be referred to as a set of physical
conditions or phenomena, such as geology, topography, climate, land use and land
cover etc. which renders a place and the people living there susceptible to disaster.
The degree of danger or threat and the levels of exposure and resilience to threat are
closely associated with location. Hence, spatial vulnerability is a function of location,
exposure to hazards, and the physical performance of a structure, whereas
socioeconomic vulnerability refers to the socioeconomic and political conditions in
which people exposed to disaster are living.
Flood vulnerability assessment is pivotal for devising an effective flood
management plan. Present study focuses on assessing the vulnerability of Greater
Srinagar to flooding. Historical records reveal that the city has witnessed number of
floods with varying impact. In order to assess the vulnerability of Greater Srinagar to
floods, weighted overlay analysis in GIS environment has been performed using
selected (sensitive to flood vulnerability) physical and socioeconomic indicators i.e.,
elevation, housing density, population density, literacy, primary working population,
female population, total households and total working population. As the study area
includes both urban and rural areas, the spatial analysis unit was taken as ward and
village for urban and rural areas respectively. The indicators were reclassified to a
common evaluation scale (1-5) for analysis. Since the indicators contribute differently
to flood vulnerability therefore based on their sensitivity, a percent influence value
was assigned to each indicator. The highest value (30%) was given to elevation
because under normal conditions (without structural measures), it determines the
flood impact, followed by housing density, population density and total house hold
with percent influence value of (15%) each. Total working population influences by
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(10%) and indicators like population literacy, female population and population
working in primary sector influences by (5%) each. Based on the analysis three flood
vulnerability zones of Greater Srinagar were identified i.e. Highly Vulnerable,
Moderately Vulnerable and Least Vulnerable.
. The methodology adopted for assessing the physical and social vulnerability
of the location and people is schematically shown in the Fig. 1.1. The step-wise
approach followed for the assessing the flood vulnerability is discussed here under:
Figure 1.1: Flowchart Showing methodological framework of the study.
Weight Assigned to each parameter sensitive to flood as per their appropriateness
Multi criteria evaluation, weight calculation and composite calculation using Rank sum method
Preparation of composite index map of flood vulnerability High, Medium and Low)
Overlay of village/ward boundary layer attributed with census data on flood hazard map
Identification of vulnerable Areas under different zone of flood vulnerability/Hazard Zonation Map
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1.5.1 Construction of a Digital Data base
The first step is the transformation of raw data into digital form. This
accomplished in various steps as given below:
1.5.2 Geo – referencing
The SOI toposheets were geometrically registered through polyconic
projection technique in compatible format for subsequent analysis. Further, the flood
inundation map of the study area was registered and rectified with reference to
already geo-referenced 1:50000 scale topographic maps of the same area. Further, the
area of interest from the already geo-referenced SOI topographic maps was clipped
out by the technique of subset to facilitate a perfect mosaic in GIS.
1.5.3 Digitization
The second step involved is the on screen digitization of various themes like,
drainage, Road, Contour, Village and ward etc in the form of feature data line,
polygon and point. The process of digitization was done in Arc View 3.2a GIS
software.
1.5.4 Generation of Digital Elevation Model
A digital elevation model is a regular array of terrain elevation (X, Y, Z )
normally obtained in a grid or generated using (a) ground survey data, (b)
cartographic digitization of contour data, and/ or (c) photogrammetric measurements,
Existing topographical maps contain a wealth of terrain data that may be used for
digital terrain modelling. For the generation of Digital Elevation Model, contour lines
were digitized from the survey of India toposheets (1:50000). These contours and the
Spot Heights and Bench Marks were labelled with their respective elevation values
and then processed in the ERDAS imagine software to create a continuous raster
surface by interpolating the elevation values. In the data preparation module of
ERDAS imagine software, the surfacing was done and high spatial resolution Digital
Elevation Model was obtained. The Digital Elevation Model (DEM) was used for the
terrain analysis of the study area.
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1.5.5 Field Work
The present study which mostly deliberates on the problem of floods in
Greater Srinagar mandates an intensive field work in the study area. As such an
intensive field work was undertaken to visit the sites where breaches usually take
place. Dogripora is the important site where breaches upto ten metres have been
recorded during the major historical floods. Wetlands like Shallabugh and Hokarsar
have mostly been encroached which is clear from the observations that were made in
the field during the completion of this study. Various settlements which are most
affected because of floods were visited in order to come up with a general
comprehension of their vulnerability. Few among these settlements are Naugam,
Nyaiyun, Bemina, Sangam etc. The Flood Spill channel which takes off from the
Jhelum at Padshahibagh has been visited to validate the recorded observations.
Chapter 2
The Environs of the Study Area
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2.1 Study Area
Srinagar, the largest among all the Himalayan urban centers is located in the
heart of Kashmir valley. The Greater Srinagar is located between the coordinates
33˚53'49"N - 34˚17'14"N and 74˚36'16"E- 75˚01'26"E (Fig. 2.1). It is situated at an
altitude of 5200 feet above mean sea level and spreads over in the midst of an oval
shaped valley of Kashmir. It is encircled by the natural wall of mountains (the sub
mountain branches of the Pir Panjal Range) whose height varies from 1800 to 4300
meters above mean sea level. The Greater Srinagar covers an area of 1068.70 km2
with a population of 1624 persons .The area is mostly spread across the Jhelum valley
floor characterized by gentle undulating topography, while the south-west and
southern peripheries have presence of elevated lands known as kerawas, which
occupy large areas in the Tehsils of Budgam, Chadura, Pampore and Pulwama. The
area suitable for development in the north is limited to the north-west and the south
while the eastern extension is limited to the present municipal limits, as the physical
extension of the settlements in this area is hindered by Zabarwan hills.
In terms of physical characteristics, Srinagar is situated along the perennial
river Jhelum, which has helped greatly in the formation of a modal place of the oval
shaped valley and also added significance to function as an apex urban centre of the
region. Srinagar is the Primate City in the region because its population is
disproportionately larger than other towns of the valley. On socio-economic front; it
acts as the nerve centre of the valley. Since historic times, it has been the seat of
government as well as the centre of religious and cultural activities for about 1400
years. It attracts a large number of populations outside the municipal limit on different
religious occasions. Functionally, it is the growth potential centre from the fact that it
constitutes a comparatively highest percentage of population in secondary and tertiary
sectors when analyzed in comparison with the other towns of the valley.
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2.2 Srinagar- Evolution and Growth
Srinagar is the shortened word of
Rajtarangni (first recorded history in India) wrote that
Ashoka (272 BC to 231 BC
known as Pandrathen
King Parvara Sena II built his town close to the Kohi Maran (hill lock) which lies in
the centre of Present City. He named it as Parvarapura. Although safe from floods, the
site was very limited in area. Lalitaditya (725
in Kashmir history burnt down Paravarapora, and built his capital Parihaspora about
twenty kilometers away from
minister engineer of king A
which till then was mostly submerged. This engineering venture made available vast
lands for cultivation and growth of settlements
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Fig. 2.1
Shrinagra. Kalhana, the author of
Shrinagra w
), at Purana Disthana (old Capital). This place is now
and falls within the municipal limits of Srinagar.
-753 AD), the most conspicuous figure
Srinagar city centre. In ninth century AD Suyya, the
wantivarman undertook the drainage of Kashmir Valley,
in Kashmir Valley.
Study Area
as founded by king
In 631AD,
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In 1128 AD Khan Zulchy invaded Kashmir and set fire to the city of
Lalitaditya. In the proximity of ravaged Paravarpora site, King Rinchan Shah built his
city in early 14th century at a place known as Budgair on Right Bank of river Jehlum
(Bamzai, 1994). In the same period Muslim missionaries from Central Asia poured in
Kashmir Valley and, interalia, introduced Central Asian Architecture in Kashmir. The
tomb of first Muslim missionary Bulbul Shah Shahib still exists aloft on the right
bank of river Jehlum at Budgair. After Rinchan Shah, Sultan Ala-ud-din 1342-54
extended Rinchan’s city along Right Bank of river, and built a new town named as
Alla-ad-dinpura, the area now enveloped by Khankahi Maulla and Malik Aangan.
Some distance beyond Malik Aangan, however Dal Lake was connected with Jhelum
and further extention of the city on right bank of river was not therefore possible
In 15th century, King Zain-ul-Aabdin (1420-1470) separated the lake from
river, closed the link between the two and opened a navigable channel (Nallah Mar)
between Dal Lake and Aanchar lake and diverted the lake water away from river
Jhelum towards this channel. Further this King built the first bridge across the river
near Ala-ud-dinpur and named it as Zainakadal. Thus lateral expansion of the city
starts taking place on both sides of the river Jhelum. Mughal period (1566-1752)
contributed to the city of Srinagar were confined to construction of mosques, gardens
and bridges. Similarly, afghan rule in Kashmir (1752-1829), Sikh rule (1819-1846)
contributed to the emergence of Srinagar city. In 1819 the residency was established,
new schools and first intermediate college (SP College) and a central library ware
opened and piped water was supplied to the city. During 1921 to 1931, a silk factory
and government woolen factory were started.
As physical expansion of Srinagar city, housing colonies came up during
Dogra rule, in Wazirbagh, Ram Munshibagh and Karan Nagar, Amar Singh College
and S.M.H.S hospital got established in Dogra rule which ended in 1947. From 1947
till year 1999, Srinagar City, has grown comparatively faster, but mostly in haphazard
manner. Insignificant proportion of population of the city has, however, been
absorbed in small housing colonies of Jawahar Nagar, Balgardan, Nursing Ghar, Sutra
Shahi, Balmalini, Chanapora, Bemina, etc all built up in the public sector.
Construction of Kashmir University, Regional Engineering College (now called
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National Institute of Technology, NIT), Medical College, a good number of
educational institutions, hospitals, Fruit Mandi and a good number of industrial estate
including Hindustan Machine Tools (HMT) and Bemina Woolen Mills, owe their
existence to the said period. National highway bye pass on south side of the city over
a length of seventeen kilometers constitutes a major contribution of the state
government in Srinagar city from 1927 to 2000. There has been sizeable increase of
other physical and social infrastructures since 1947(Master Plan of Srinagar, 1971).
Srinagar municipality was first established during Dogra rule under the
municipal Act 1886. In 1960, municipality covered an area of about 28 square
kilometer. Many a time, since 1886, limits of municipality were extended when a
good number of villages were annexed to it. Consequent upon rapid urban growth, the
city limits have further been extended in 1978. As it stood in the year 2005,
municipality consisted of sixty eight wards and covered an area of about 282 kms2.
2.3 Population and Spatial Growth
Population growth of Srinagar city during the last century (1901-2011) has
been phenomenal. It has increased from 122,618 persons in 1901 to 971,351 persons
in 2001 and 1,225,837 persons in census 2011 (Table 2.1) indicating nearly tenfold
increase amounting to 900 percent growth with a net increase of 1103219 persons.
The pattern of decadal growth however, has not been uniform. The main factors
responsible for this accelerated population growth during this period have been in
migration, increase in birth rates and fall in death rates. Besides this, the merger of 62
villages in municipal limit in the year 1971, and the introduction of urban
agglomeration concept which brought a number of rural areas under the jurisdiction of
Srinagar city are indeed the other factors contributing to the rapid growth of the city
population. Subsequently from 1981 to 2011, the population increased to 971,357
persons in 2001, registering a net growth of 365,355 persons in two decades with a
decadal growth rate of 30.14 percent and 1225837 persons in 2011 recording a net
addition of 254480 persons during the last ten years (Fig. 2.2). The ever increasing
population coupled with limited space and haphazard growth has resulted in unwieldy
expansion of the city which is reflected from the fact that the city size has increased
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from 12.8 kms2 in 1901 to 278 kms2 in 2011 therefore, registering an increase of 266
kms2 during the last century.
Table 2.1: Srinagar City: Population Growth (1901-2011)
Source: Census of India, 1991-2001
The sex ratio of the study area is 950 which is very high as compared to
national and state level. The literacy rate of the region is 45 percent and an average of
55 percent of working population is engaged in non-agricultural activities.
Year Area
(Km2)
Population
(Persons)
Decadal Growth Rate
1901 12.8 122618 ---
1911 12.85 126344 3.04
1921 14.48 141735 12.18
1931 17.6 173573 22.46
1941 17.6 207787 19.71
1951 29.52 246522 18.64
1961 41.44 285257 15.71
1971 82.88 403413 34.31
1981 208.9 606002 40.13
1991 N.A N.A N.A
2001 278.1 995806 64.32
2011* 416.1 1225837* 23.13
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Fig. 2.2
The incessant change in the demographic dimension of the city is bound to
create an impact on the socio-economic structure of the city and may accentuate the
problems of housing scarcity, land speculation and urban blight and slums.
2.4 Climate
The weather has a marked seasonality, The valley has rather a longish spring,
fairy cold and showery, extended from March through April into half of May.
Summers are much less rainy than spring and quite warm. In Srinagar the mean daily
maximum temperature in July may be as high as 30.80c with a diurnal range of 12.50c.
The total rainfall received during the southwest monsoon period is only three fifths of
the spring rains. As usual the behavior of the summer rainfall is highly erratic and an
unequal distribution within different parts of the valley is a norm rather than an
exception. Both the daily maximum and the minimum temperatures start falling by
August and are quit low by October. Although radiations from the earth are rapid in
the later months, September and October have the highest diurnal ranges. Though
valley normally receives the first snowfall only in December, the surrounding
mountains may get it any time after the middle of October. By the end of December
snow is almost universal and for two months, up to the middle of February, the valley
remains under the grip of the cold dampness, with snow covering the ground almost
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completely and a perennial fog hanging over it. Kashmir winter however is only a
“dreary monotony” and get exceptionally rigorous as the minimum temperature in
January rarely goes below minus 3oC, the snow generally disappears from the valley
by the end of February but not the dampness with rains replacing the snow almost
everywhere in the following spring.
On the basis of general characteristics of weather summarized above, the year
can be divided into the following four seasons:
i) Winter - November to February:
ii) Spring – march to mid May:
iii) Summer – mid May to mid September:
iv) Autumn – mid September to October
The Kashmir, however recognizes the following six seasons of a duration of
two months each: Sonth (Spring) mid March to mid May: Grishm (Summer) mid May
to mid July: Wahrat (Rains) mid July to mid September, Harud (autumn) mid
September to mid November, Wand (Winter) mid November to mid January and
Sheshur (Severe Cold) mid January to mid March. The Kashmiri nomenclature is
more expressive of the typical weather conditions that prevail in different parts of the
year, although the periodization of the year into seasons is of national value only.
There is for example no specific Wahrat (Rainy season) in Kashmir and the Wand
(Winter) certainly subsumes the sheshur (ice cold weather).
2.5 Soils
The soils of the study area as a whole may be divided in to seven types
according to the productive potential; Guruth (silt), Bahil (loam), Sekul (sandy), Red
(floating gardens), Surzamin, Wadur (kerawa), Nambal (marshy) soils (Bhat 2005).
Of these seven types only four types are predominant in Srinagar city, which are as
follows:
2.5.1 Guruth (Silt)
Guruth comes first in respect of production as it is rich in clay. It has high
moisture retaining capacity and can stand the scarcity of rainfall. Heavy and
continuous rainfall results in leaching which led to the crop yield reduction. Guruth
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soil has its origin from floods, which are frequent in this area. This soil is mostly
found in close proximity to river Jhelum within Srinagar.
2.5.2 Bahil (loam)
This is the second most important type of soil and is characterized with high
fertility. Bahil has a high natural strength and therefore, the only care to be taken is
not to manure it without a proper way. This type of soil is black in color and is found
just outside the guruth soil in the southern and northwestern flank of these areas.
2.5.3 Sekul (sandy)
This is an important type of soil found in the north-eastern part of the
Ganderbal Tehsil which constitutes the northern part of the area. The material varies
from loam to sandy, and soil when properly irrigated gives fairly good field rice.
2.5.4 Nambal (marshy) soil
These soils are partly containing a little lime and fairly suited for paddy
cultivation. Siltation occurs in these nambals during the period of flooding. In this
way these soils are added a rich nutrient content. These soils are mostly found in the
southeastern and southwestern flank of the fringe. Besides, Surzamin also covers
considerably small patches of land in the fringe areas, which are mostly devoted to
vegetable cultivation. In the northeastern part of the fringe, the soil is characterized by
forest and hill soils. The soils are not rich in organic matter and there is also the lack
of irrigation facilities. Therefore most of the land in this area is devoted to fruit and
vegetable production.
2.6 Topography
Srinagar is situated at an altitude of 1600 meters above mean sea level and
spreads over in the midst of an oval shaped valley of Kashmir. The Study area is
encircled by the natural wall of mountains (the sub mountain branches of the Pir
Panjal range) whose height varies from 1800 to 4300 meters above mean sea level
(Fig. 2.3).
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The Greater Srinagar
by gentle undulating topography, while the south
presence of elevated lands known as
meters above sea level and occupy large areas in the
Pampore and Pulwama. The area suitable for development in the north is limited to
the north-west and the south while the eastern extension is limited to the present
municipal limits, as the physical extension of the settlements in this area is hindered
by Zabarwan hills.
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SOI toposheets, 1971
Fig. 2.3
covers a vast area of Jhelum valley floor characterized
-west and southern peripheries have
kerawas, whose height varies from 1700 to 2
Tehsils of Budgam, Chadura,
Study Area
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2.7 Drainage
Srinagar lies in the lap of Himalaya and is characterized by gentle to
undulating slope. The topography of the study area is responsible for giving rise to
particular pattern of drainage which is dendritic.
Source: Generated from SOI topo sheets -1971
Fig. 2.4
The drainage pattern of Greater Srinagar is of antecedent type. Jhelum
traverses through the middle of Srinagar city and divides it into two parts. The
important left bank tributaries of Jhelum that traverses through the study area are
Romushi, Nalah Doodh Ganga, Sukhnag and Ferozpura Nallah, while as the right
bank tributaries of the study area are Harwan and Nalah Sindh. The Romushi joins
the Jhelum near Wudipora of Pulwama District (Fig. 2.4). The Dudh Ganga after
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joining with Shaliganga loses itself into the Nambal in the west of Srinagar
descending from the mountains, the Sukhnag passes through the sand chocked bed
across the kerawas, finally merging into the marshes of Rakh Arat, west of Hokarsar.
The Ferozepura empties itself through the myriad channels into the Haigam wetland
and the Sultanpurich Rakh. Both the marshes are connected by a spill-channel
constructed to drain out the flood water. All the drainage from the slopes of Harwan,
Burzakut, Mahadeo and Sarbal escapes into the Dal Lake through the Harwan and
other mountain torrents.
2.8 Road Transport Network
Srinagar city is having comparatively dense network of roads as road transport
is the means of communication from peripheral areas to the city centre.
Source: Generated from SOI topo sheets 1971, Cartosat-I, 2009
Fig. 2.5
The main road bisecting both the fringe and city into two halves is the NH-
1A, which is the lifeline of valley as it connects the state with the rest of country (fig
Chapter – 2
2.5). Though the roads of the fringe are dense but they are excessively narrow in their
width, therefore, Mini buses, sumos, taxies, and autos are the preferred modes of
transport.
2.9 Geology
The Srinagar and
older and recent alluvium with recent alluvium towards the river
alluvial is mainly composed of finer sand and silt grade particles derived from the
south and south eastern areas
lies the most outstanding ke
fluvial sediments intercalated with glacial till of Pliocene
The basin of deposition or
Source: After Balasundaram Director General,
The lignite beds after attaining a thickness or up to 3 meters are frequent in the
Lower kerawas. Inter
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the south western parts of the city are mainly composed of
of the valley by river Jhelum. To the west of Srina
rawa formation. The formation consists of lacustrine and
-Pleistocene age
iginally covered an area of 3600 square kilometers.
Geological survey of India.
Fig. 2.6
beds of glacial till and carved clay frequently occurring in the
Study Area
Jhelum banks. The
gar
(Fig. 2.6).
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Upper kerawa succession represent the relics of the Pleistocene Glacial Ages. The
north eastern parts of the Srinagar city of the Dal Lake catchment have a rugged
mountainous topography and is locally known as Shankar Acharaya Mountain. The
mountain range is volcanic in origin consisting mainly of basalt, quartzite, shale etc.
Chapter 3
Literature Review
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3.1 Introduction
Natural disasters have been increasing in recent decades although there may
be a lack of clear evidence that the actual frequency of extreme hazard events has
increased (Yodmani, 2001). However, researchers worldwide have raised an alarm
that human impacts upon the Earth system such as ‘greenhouse gases’ emitted into the
atmosphere, may be causing the global atmosphere to warm, which means that both
the frequency and/or severity of various extreme climatic events are likely to increase
(Aspen Global Change Institute, 1996). Regardless of the final outcome of such
debates as global climate change, disasters have been and will continue to be a threat
to human habitation and activities, and even to human life. In the weighty words of
Ulrich Beck: “ultimate security is denied to us human beings” (Beck, 1992, p.97).
The human perception that disasters have been increasing is primarily related
to an observable increase in material losses and loss / risk to human life rather than to
numbers of events themselves. In other words, hazards are defined as disasters only
by the impacts on human life and human concerns. Losses have in fact been
increasing in the last four decades (Etkin, 1999; Yodmani, 2001). This has led some
researchers to conclude that at least one of the contributors to vulnerability is the
(human determined) ‘path of development’ (Blaikie et al., 1994; Yodmani, 2001).
Human use of environmental resources and the underlying values that lead to certain
types of usage, including patterns of settlement, are then keys to understanding and
reducing human vulnerability to natural disaster. This of course raises the question of
whether there are in fact any truly ‘natural’ disasters, given that without people there
are no disasters. Disasters occur at the interface of extreme physical events and
vulnerable populations (O’Keefe, Westgate, and Wisner, 1976).
The human vulnerability approach, which considers disasters in a broad
context, is in contrast to early studies of natural disasters that portrayed them as
exceptional circumstances that interrupted the social processes in a society. Disasters
were viewed as essentially an aberration; the system was attacked by an external
agent. And recovery was then a limited concept which merely required resumption of
normal patterns of living (Hewitt, 1983; Zaman, 1999). Because of this treatment of
the natural disaster as both aberrant and nuisance, the focus of geographers and
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sociologists from the 1950’s - 1970’s was to urge for development of mitigation
measures, sharply focused on a ‘technocratic approach’. Typically, mitigation took
the form of disaster preparedness, emergency evacuation planning, relief, and
rehabilitation efforts. It generally ignored the issue of vulnerability (Zaman, 1999)
and did not seek explanations for vulnerability beyond the issue of place and
exposure. Intervention focused on reduction of exposure, or barring that, on reducing
stress and providing services to victims, and rebuilding as necessary after the event.
The concept of vulnerability as applied to exposure to natural hazards – such
as floods – therefore has evolved only over recent decades. It is fair to say that the
concept of vulnerability, in Canada and elsewhere, has become an important
component of, or new approach to, disaster studies (Winchester, 1992; Shrubsole,
2000; Jones and Shrubsole, 2001; Pearce, 2001). While initially taking the form of
assessments that still focused significantly on exposure-related variables, the notion of
vulnerability has quickly expanded to include more social, economic, and political
variables as explanatory for disaster. It has extended the notion of risk beyond the
technical interpretations characterizing early studies. Similarly, the solutions to
vulnerability now are seen to partially lie in improved understanding of the human
system, which includes human values that govern our judgments and motivate our
actions.
3.2 Research Evolution: A Broad Overview
Historically, hazards research, and particularly flood research, was rooted in
the geographical perspective, with additional major contributions from the social
sciences. In the 1940’s, geographer Gilbert White made a significant early
contribution to flood research, by identifying and exploring the rise of flood losses
even in the face of structural protections in floodplains. Although technology to
reduce exposure to hazards had expanded significantly, human hardship from flood
disasters was still on the rise. White (1973) drew attention to a new area of research
termed ‘human response’ to natural hazards. This new perspective was the foundation
for decades of behavioral, rather than physical, studies of hazard events – studies done
primarily at the individual level of analysis. White (1973) was intrigued by failures to
predict how people in a floodplain would behave in dealing with flood problems and a
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lack of understanding of why some groups of people respond differently than others.
He, and others, then became critical of decision choice models that sought to only
understand people’s behavior based on economic optimization principles, or later
through subjective utility models, because they did not explain behavior in flood
studies. Simultaneously, researchers became increasingly interested in policy and
anticipating people’s responses to policy change. While policy studies were intended
to aid decision-makers, success was limited.
Kates (1971), for example, attempted to apply a decision model (i.e., bounded
rationality) to find out how people perceive hazards, the possible adjustments that
they might make, and what different factors might affect perceptions. He did work in
floodplains in the Tennessee Valley in the 1960’s that greatly expanded the notion of
what might influence what people do when they are exposed to hazards. Two
difficulties became apparent in the flood research: 1) the relationship, if any, between
people’s verbalized attitudes and actual behavior during a flood was tenuous and, 2)
human occupancy in areas of high hazard persists even in the face of threat (White,
1973). These deficiencies prompted more research that identified a wider range of
variables as contributing to risk perception and hazard adjustment than was at first
perhaps anticipated. For example, further research on risk perception showed that an
individual’s expectations about the probability and severity of disaster impacts (i.e.,
risk perception), may be less important than the frequency of discussing, thinking
about, and exchanging information about the risk (defined as ‘hazard intrusiveness’)
in terms of predicting the adoption of mitigation and preparedness measures (Tierney
et al., 2001).
Deficiencies in early studies have also led to the more multi-scale and multi-
dimensional approaches that characterize more recent hazard studies (SEI, 2002).
Increasingly, complexity in the linked human-natural system, and related decision-
making processes, is being embraced. It has brought about a substantial redesign of
both policy and practice in high risk areas, and new perspectives regarding decision-
making. Most importantly, decisions and decision-making processes themselves are
now viewed as potentially creating or reducing vulnerability. “Disaster is understood
as the product of a cumulative set of decisions… (and) then the processes by which
these choices are made become a focal point for potential change” (Comfort, Wisner,
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Cutter, Pulwarty, Hewitt, Oliver-Smith, Weiner, Fordham, Peacock and Krimgold,
1999, p. 41).
In fact, the improved approaches to hazard and disaster assessment that
followed from the earliest studies on flood hazard generally recognized that our social
systems influence the decisions of individuals and communities, and decisions are not
simple and discrete summations of personal costs and benefits (real or perceived). By
1988, White elaborated on the importance of social processes in assessing risk in
exposure to hazards by stating: “Unless a risk analysis comprehends the social
structure within which individual decisions are made, it may fall far short of
understanding either the process or consequences of those decisions” (White, 1988,
p.72).
White’s initial work on human response, and subsequent research and critique
of traditional event-focused hazard perspectives, paved the way for examining
decision-making processes and social contexts as contributors to hazard vulnerability.
Specific to flood hazards, he and other researchers (e.g., Kates, 1971; Hewitt, 1983;
Quarantelli, 1988; Bogard, 1988) realized that understanding of flood disasters was
limited by popular technocratic attitudes, measures, and interpretations. This
acknowledgement made it possible to consider new approaches to flood damage
reduction and mitigation that had not before been well recognized. Many of these
were nonstructural approaches. Mitigation options were broadened to include more
than just technocratically derived and implemented structural solutions to flood
problems.
Kates’ (1971) groundbreaking work, referred to commonly as the ‘natural
hazards paradigm’ considered the issue of hazard in a linked human-ecological
context, where the response of human groups to hazard was related to a number of
key factors. He looked at techno-social patterns or stages of adjustment to natural
hazard and what adjustments (i.e. choices made) tend to emerge from these stages and
the resultant patterns of damage. His work has been characterized both as an early
human-ecological or political-ecological perspective. His model of adjustment to
hazard was based on seeing natural hazards as an interaction of man and nature
“governed by the coexistent state of adjustment in the human use system and the state
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of nature in the natural events system” (Kates, 1971, p.78). Mutual impact (human
and natural system) defined this perspective. He defined three broad categories of
human adjustment to natural hazard threat: 1) those adjustments that modify the
natural events system (e.g., structural measures such as those that provide barriers to
limit the spread of flood waters), 2) those that modify the human use system (includes
both structural and nonstructural measures, with emphasis on the latter) and, 3) a set
of emergency adjustments (shorter-term adjustments typically to reduce hardship and
losses post-event).
3.3 Flood Vulnerability
The increasing importance and reference to the concept of vulnerability, and
its practical manifestation – namely, vulnerability assessment – reveals much about
how attitudes towards disasters and decision-making have changed. Concern with
exposure to a physical hazard risk has been supplemented with concern about social,
economic, political and social processes that contribute to the impacts of an event.
Vulnerability is now comprehensively defined to include not only physical
dimensions of a hazard event, but also the social constructions of risk. The
vulnerability approach (and others such as political-economy, social constructivist,
political-ecological) emerged in response to the inability of traditional event-based
assessments of hazards and disasters to really ‘explain’ disasters – where, and why,
and to whom they occur. Many disciplines, then, have contributed and developed their
own interpretations and perspectives on hazards that now expand the analysis of
disasters to include social, political, economic, and cultural factors in human
perception of, and response to, hazards.
The vulnerability approach looks at social issues in the pre-disaster stage as
explanatory in terms of at least some of the outcomes from the hazard event. Key to
the vulnerability approach is the assumption that there is an important relationship
between everyday conditions within a community, and the totality of impact sustained
once a trigger event (such as a natural disaster) occurs (Blaikie et al., 1994;
Alexander, 1997).
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In other words vulnerability is increasingly seen as a product of pre-existing
conditions (power structure, poverty, ethnic diversity etc.) and / or processes
(governance, decision-making, organizational capacities etc.) within a society. It is the
combination of a triggering physical event and particular social factors that result in
natural disasters – in other words, hazards confronting vulnerable communities cause
disasters (Kovacs and Kunreuther, 2001).
Care should be taken to not automatically equate vulnerability with poverty –
it is not always the case. Yodmani (2001) clarifies that social constructions of
vulnerability can have various roots. While lack of access to resources and income
opportunities are dimensions of vulnerability, and often consistent with poverty,
‘other aspects of social positioning’ can also determine people’s vulnerability. He
notes, for example, that vulnerability is influenced by factors such as age, ethnicity,
gender, community structure, community decision-making processes and political
issues. In the developed world context, where absolute poverty is often not as
pressing, these latter three factors are of particular significance especially in terms of
community level vulnerability assessment.
Another reason the vulnerability approach has found great acceptance in the
last two decades is because it has been recognized that solely technocratic approaches
are unable to:
1) adequately address the complexity of disaster issues, and
2) the predisposition of certain communities to disaster. The technocratic
approaches were the logical solutions to the hazard problems defined as
external events to be controlled, but were obviously inadequate when social
variables were seen as contributors to vulnerability.
Even the early vulnerability studies emphasized the biophysical assessments
of vulnerability. Then, over time, the notion of physical agent became less dominant.
A major shift in thinking about disasters accompanied this change. Most particularly,
a disaster was no longer experienced as a reaction but rather as a social consequence
(Gilbert, 1998a; Gilbert 1998b). Disaster was a result of the ‘underlying logic’ of the
community (Gilbert, 1998a; Gilbert, 1998b). From this stance, the upsetting of human
relations was central to the conceptual framework for vulnerability analysis.
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Vulnerability can be altered by any change to the elements of the human or
physical systems which are part of the context of a hazard event, and which also
influence risk (Tobin and Montz, 1997). Blaikie et al. (1994) describe more
specifically that risk of disaster is related to the chance that characteristics of a human
group, as generated by political-economic conditions that make them unsafe, coincide
in time and space with a trigger event to which they have been made vulnerable.
Vulnerability is a dynamic notion, and never a steady state phenomenon
(Jones and Shrubsole, 2001; Pearce, 2001). It is sensitive to structural changes in
society. It also changes over time and at different rates for some members of a
community than for others. For example, vulnerability often increases at a greater rate
for those who regularly have fewer resources at their disposal when there are
successive hazard events. Vulnerability then can be increased through the cumulative
effects of successive events or crises. Vulnerability reduction is a moving target,
because conditions can vary dramatically from one point in time to another as
pressures are increased or decreased by changing social and other circumstances at
local, regional and global levels.
This issue of time-scale is a crucial one to understanding vulnerability.
Lengthier time-scales in analysis appear generally missing in much of the natural
hazards and disaster literature (Jones and Shrubsole, 2001; Tierney et al., 2001).
Many hazard and disaster studies are limited to within months of the event; some
cover a matter of years; few span a decade. It is difficult within short timeframes to
map the nature of cultural and societal processes that impact, and in turn are impacted
by, exposure to hazard. If one of the new thrusts is towards coupled ecological and
social models, and developing vulnerability models that are evolutionary adaptive
models (SEI, 2002), then broader time scales, and multi-scale models will be
incorporated into future vulnerability analysis.
Vulnerability recently has been described as having both an internal and an
external dimension (SEI, 2002). The internal dimension refers to insecurity and the
capacity to anticipate, cope with, resist, and recover from the impact of a hazard. The
external dimension involves exposure to risks. In this conceptualization, the external
side of vulnerability is defined by ‘exposure’ and the internal side by ‘coping’.
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In the flood context, it means that the nature of the flood (characteristics like
duration, intensity etc.) and the social circumstances of impacted residents must both
be considered in a comprehensive assessment of vulnerability; vulnerability then
requires consideration of both social and bio-geophysical dimensions. A dilemma
however is a lack of clear framework for showing linkages between spatial
phenomena (like floods) and social structures and processes. Existing literature has
little to say about the interactions between coupled social ecological systems (SEI,
2002). In other words, the processes within society that generate unsafe conditions
and how they actually interact with a specific hazard to influence vulnerability rarely
have been explored (Jones and Shrubsole, 2001).
3.4 Vulnerability Assessment
Vulnerability assessment is a popular approach to dealing with vulnerability to
natural hazard. The actual term ‘vulnerability analysis’ was first used in the 1970’s
and was seen as a tool in disaster management (Yodmani, 2001). The assessment
attempts to understand who or what is vulnerable to hazards (Wates, 2000). In terms
of natural hazards, because vulnerability is seen as a measure of a person or group’s
exposure to the hazard and degree to which they can recover, Blaikie et al. (1994)
maintain that it is possible to develop a quantitative measure of vulnerability only in
terms of the probability that a hazard of a particular intensity, frequency, and duration
will occur. This probability in turn affects the degree of loss at the level of analysis
considered (e.g., household or community) in relation to their level of vulnerability to
specific hazards of different intensities.
This makes vulnerability then a hypothetical and predictive term that is proven
only by observing the impact of the event should it occur (Blaikie et al., 1994). Thus
understanding of vulnerability will evolve over time, must be based on post-event
reflection, and intentional reduction in unsafe practices. History and experience are
used to transform society towards a state of increased resilience to multiple shocks.
Models of vulnerability then serve primarily as methods for understanding the
causes and symptoms of vulnerability. Vulnerability frameworks can serve various
functions such as to help to identify vulnerable populations, predict what probable
outcomes from an event may be, or even to identify possible implications of different
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policy alternatives. By way of example, a current guide by the National Oceanic and
Atmospheric Administration (NOAA, 1999), for conducting an assessment of
community vulnerability to hazard includes the following sections: hazard
identification (comprehensive list of hazard types and prioritization); hazard analysis
(map risk and rank susceptibility to hazard); critical facilities analysis (inventory and
evaluation of facilities in relation to high-risk areas); societal analysis (identification
of high need populations and develop strategies); economic analysis (identification of
economic sectors and economic centers); environmental analysis (identification of
key environmental resources and sensitive areas); mitigation opportunities analysis
(assessment of participation in mitigation programs and inventory of high risk
undeveloped land). This type of assessment is very suited to the developed world with
a high reliance on technology and population studies. Other methods (mobility
charting; wealth ranking; transect walks) have been successful and been found more
appropriate in other contexts (NOAA, 1999), such as some developing nations where
technology is not available, local experience with technology is limited, and local
participatory methods of evaluating vulnerability are more meaningful in helping
people to conceptualize vulnerability.
Vulnerability assessments have been applied to the more traditional approach
to hazards through a focus on determining differential losses (Jones and Shrubsole,
2001; Tierney et al., 2001). For example, vulnerability assessments / analysis for
many years focused most on vulnerable populations, their spatial distributions,
infrastructure locations etc., for the purpose of generating viable response plans in a
disaster. This is a temporally limited approach. Vulnerability assessed exclusively in
this manner, with a focus on the disaster response and recovery phases of a disaster –
such as flood – does not explain, for instance, why it is suggested that Canadians in
the Red River Basin have not developed a disaster subculture, nor a culture of
prevention, but rather a culture of dependency (Shrubsole, 2000). These types of
considerations require a more thorough analysis of vulnerability as permitted in some
frameworks (Winchester, 1992; Blaikie et al., 1994).
Human responses to hazard events have the potential to decrease or increase
vulnerability. Yet, when it comes to an analysis of why certain responses occur out of
the range of possible human responses to a hazard, there is a dearth of information
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available. The focus in research to date has been to establish criteria that show links
between individual responses and various characteristics of the event. Why are some
responses or options eliminated, especially over longer time-scales in a society? Root
causes of vulnerability may offer explanation – including causes rooted in values,
social capital, political ideology, type of economy, etc. A thorough understanding of
vulnerability requires understanding of understated, little explored sources of
vulnerability, and their impact on decision-making. Also improving understanding of
some of these social and cultural characteristics (such as values and cultural beliefs)
should improve assessment of vulnerability to multiple hazards because they have
implications for all types of hazards. In fact, the general shift away from agent-
specific approaches incorporates looking at general vulnerabilities (Pearce, 1997), as
well as specific vulnerabilities, in disaster management.
The type of hazard being faced is important in assessing vulnerability. There
are households or communities that are vulnerable to a wide range of hazards because
of a broad inability to access a variety of resources and little choice options due to
limited economic or political power (Winchester, 1992; Blaikie et al., 1994). Others
are more vulnerable to some types of natural hazards than other types. Thus the
indicators of vulnerability may be at times quite different in looking across different
hazards as well as across different communities.
Sometimes models and frameworks of vulnerability assessment are produced
primarily from the perspective of someone external to a community. This often does
not do justice to the possible victims and players most directly affected. It is important
to collect data reflecting ‘indigenous interpretations of events and processes’ which
can perhaps enrich and alter frameworks. (Blaikie et al., 1994; Yodmani, 2001). This
inclusion of local community members is being done explicitly in some types of
vulnerability research, as it is in this case study. Within the context-based
vulnerability concept, community perspectives are crucial to understanding and they
should be solicited.
In general terms, vulnerability can be seen to expand the notion of risk, and
thus is linked conceptually to risk. Unmanaged or mismanaged risks lead to disasters
(Yodmani, 2001). Risk as a concept has a technical component that focuses narrowly
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on the probability of events and the magnitude of specific consequences (Denney,
2005). Technical conceptualizations of risk do not encapsulate aspects of risk related
to perception of risk or other underlying concerns about risk characteristics that are
omitted in the technical evaluations. These characteristics may include equity issues,
various circumstances impacting generation of risk, or risk management issues – in
other words additional issues that should play into the decision making process for
risk reduction. They can be captured in vulnerability assessments. Adding the concept
of vulnerability assessment to risk assessment can also help address contentious issues
related to the relative roles of technical expert assessments of risk, and the public
assessment of risk when decisions are made (Kasperson, Renn, Slovic, Brown, Emel,
Goble, Kasperson, and Ratick, 1988).
Vulnerability assessment, with its dynamic characteristic, and ‘process versus
outcome’ orientation in analysis, may also expose issues that perpetuate risk over
time; risk assessments are by necessity more tied to the here and now, the realities of
what exists and will be exposed at one location at one point in time. Vulnerability
assessments should become an essential component of the evaluation of any major
projects by decision-makers so that any impacts on vulnerability – related to any
potential hazards at any point in the future – are recognized and taken into account.
Recently, vulnerability has been viewed as an essential part of an evolution in
disaster management termed the ‘disaster risk management’ approach (Yodmani,
2001). Yodmani (2001) defines this as a more comprehensive approach, inclusive of
vulnerability analysis as but one part of disaster management. Three distinct but
interrelated parts of disaster management include: hazard assessment, vulnerability
analysis, and enhancement of management capacity. The most important
characteristic of this approach is that the vulnerability assessment is seen as part of a
decision-making and policy selection process. It is not done by experts and
technicians in isolation from decision-makers and communities. Ideally, the concept
of ‘management capacity’ should explicitly include the importance of enhancing
community level decision-making and community level management capacity – a
notion captured in this research and in some of the community based research on
disaster management (Pearce, 1997; PERI, 2001; Yodmani, 2001; Earth Summit 2002
Debate, 2002).
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3.5 Flood Hazard Vulnerability Studies and GIS (Geographic
Information System)
Geo-Spatial techniques can contribute toward more accurate causes of flood,
flood hazard mapping and they can be used to assess damage to residential properties,
infrastructure and agricultural crops. The use of remote sensing and GIS in identifying
the vulnerable section of population exposed to Floods and plays an important role in
Flood hazard zonation.
Nawaz and Ata-ur-Rahman (2005) conducted a study on Assessment of flood
hazard causes for efficient flood plan management: A case study of Neelum-Jhelum
valley Muzaffarabad, Concluded that Muzaffarabad is one of the most flood
vulnerable areas, the increasing vulnerability is not only by its location in the active
flood plain, but also due to the construction of buildings and other developments in
the flood prone area. He further suggested that land use planning can play a very
important role in reducing the adverse effects of flood hazard. It is therefore
recommended to adopt an appropriate land use planning in flood prone areas and to
apply ban on further encroachment.
World Meterological organization in association with Global Water
Partnership (March-2008) A tool for integrated flood management concluded that
urban flood risks are more than flood Waters, risks result from a combination of
components comprising hazard, exposure and vulnerability. The recognition of there
components, facilities the understanding of flood risks because it underlines that only
the combination of natural and human factors create flood risks.
Romshoo (2010) Space-based information for assessing the community
vulnerability to flood disasters in Mountainous Himalayas concluded that because of
different Geomorphological and Geological settings Rembiare Catchment is more
prone to flooding than lidder catchment. In the study the author has successfully
linked the physical and vulnerability and identified the vulnerability of places and
people to flooding in the areas.
Zheng, (2009) A functional oriented methodology of flood vulnerability
assessment model, to link the services of flood mitigation actions directly to the
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demand of different vulnerable people, imbedded in the G.I.S environment, this
model however can identify with precision the spatial distribution of vulnerable
people at different phases of the flooding.
Tran and Phong (2008) G.I.S and local knowledge in Disaster management: A
case study of flood risk mapping in Vietnam, concluded that flood has a significant
impact on economic loss. The flood causes less economic loss and damage to the poor
in absolute terms compared to the better off, however the poor are more vulnerable.
Vulnerability to floods is not only the physical aspects but also the socio economic
aspects.
Sanyal and Lue (2005) Remote sensing and GIS-based flood vulnerability
assessment of human settlements: a case study of Gangetic west Bengal India,
concluded that to identify the rural settlements that are vulnerable to floods of a given
magnitude vulnerability of a rural settlement is perceived as a fluctuation of two
factors: the presence of deep flood water in and around the settlements and its
proximity to an elevated area for temporary shelter during an extreme hydrological
event, such an effort will immensely enhance our capability to estimate flood hazard
and assess the vulnerability of people. ASTER digital elevation data have been used
to assess accuracy and rectify the classified images.
Kabir-uddin and Basanta (2010) Assessing flood and flood damage using
remote sensing. A case study from Sansari Nepal, clearly highlighted that the
information derived from different imagery can be very valuable to operational users
for planning flood related emergency response measures including river migration to
breach the embankment object base remote sensing techniques and geographical
information systems were used for river channel mapping and morphological changes,
flood extends and land cover classification.
Sharma (2001) GIS related technologies for managing disasters in India,
concluded that the scale and intensity of natural disasters in the country makes it
imperative that a comprehensive approach may be adapted in managing them at the
country wide level. One of the first steps in this direction would be to establish a
common and uniform database at the national level. Needless to mention the common
database should be made available to all concerned agencies in the government as
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well as the non-government sector. Among the available technologies, GIS presents
itself as the most useful tool in making it possible.
Humayun and Gowher (2008) Quantification of loss in spatial extent of lakes
and wetlands in the suburbs of Srinagar city during last century using Geo-spatial
approach concluded in their study that the impact of the loss of water bodies comes in
the form of problems relating to drainage. The Srinagar city is facing acute problems
of drainage since those wetlands and lakes acted as sponges during floods. over the
years, it has been observed that with a continuous rain for two to three days in
Kashmir valley, the city is threatened with floods in river Jhelum while nothing would
happen with this much of precipitation two to three decades back, further it has also
been observed during the last decades that residential areas which never had floods in
the past are getting inundated during floods in river Jhelum, this is because, there are
hardly any wetlands to hold the excess water and to act as sponges during floods.
Adelina and Iulian (2010) Flood vulnerability assessment based on
mathematical modeling, concluded in their study that flooding limits are strongly
influenced by the presence of hydraulic structures on the water courses, spillways,
dams, bridges, culverts etc by the deformation of free surface water, If these
deformation (higher) levels overlap corresponding to high flows may have significant
negative effects. Flood vulnerability and risk maps are useful to indicate the material
and human damage and for imposing the measures for flood defense.
Samarakoon (2006) Assessment of flood vulnerability and mitigation planning
in Munshi Bagh district of Bangladesh using remote sensing and GIS, high lightened
in his study that remote sensing and GIS techniques can be successfully utilized for
flood hazard mapping with reasonable accuracy, using systematic aperture radar
(SAR), were combined with optical images. It could be said that this usage has high
potential in practical usage of satellite data in flood area mapping, especially in
tropics, it may be required to combine what with digital elevation model to specify the
areas, where there is a high canopy cover, also the method used to estimate the
population density, gives a reasonable approximation as the population data was
redistributed according to land use classes. The final product, flood risk map is the
combination of land use flood area and population distribution. The combined
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information analysis was easily carried out within GIS environment demonstrating the
potential of GIS system.
Pandey (2008) Flood hazard vulnerability and risk in the north India.
Assessment of concurrent mitigation options, concluded in his study that a flood
mitigation plan should be developed based on an integrated approach covering all
relevant aspects of water management including physical planning, land use,
agriculture, transport and urban development nature, conservation at all levels and
then plan should involve the decision makers at all levels as stake holders and civil
society.
Fowler (2007) examined the relationship between meteorological data and
seasonal runoff forecasting of the river Jhelum in Pakistan. The study investigates
links between climate and runoff for eight gauging stations in the Jhelum catchment
but then concentrates on the seasonal forecasting of the spring and summer inflows.
Dirk (1996) Construction of sediments budgets, in large scale drainage basins:
A case study of the upper Indus river. The study highlights the need of the
construction of a sediment budget as a useful technique to address the flooding issues
since it provides a comprehensive accounting of the fluxes and fate of sediment in the
drainage basin.
Khanna (2002) Structural and non–structural measures of flood management,
the study focuses on the measures that are to be adopted for proper flood management
and suggests these measures to b implemented properly.
Nitai (2005) Flood study India, the study gives detailed interpretation of floods
in India and on the measures that are to be adopted so as to save the people from the
damages caused by floods.
Singh (2003) Real time flood forecasting-Indian Experiences, The study
stresses on the forecasting as the most effective non-structural method of flood
management and the thrust is on the pre-disaster planning.
Supriyo (2006) studied the floods in India as a disaster and their management.
The study highlighted the flood situations in India and puts emphasis on the proper
management of floods in India.
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Freeman et al. (2003) suggested that the growth in hydrological disasters has
two causes: increased populations in flood plains and other high-risk areas and an
increase in the frequency and intensity of extreme weather events. This second
development is associated with climate change and is expected to become more
pronounced over this century. Wetherald and Manabe (2002) linked the positive
growth in hydrological disasters with climate change saying that a warmer climate,
with its increased climate variability, will increase the risk of both floods and
droughts.
Ferreira (2011) found that population exposure affects the number of deaths
both directly and indirectly. We obtain estimates of the population exposed to a flood
event by overlying maps of the areas affected by floods with global population maps
using GIS. Higher population exposure is associated with more deaths once the flood
has occurred. However, precisely because more people increase the potential for
damage and deaths, this increases the payoffs of investments in flood mitigation and
management, resulting in smaller floods. In developing countries more population
exposure is also associated with fewer floods.
Ferreira (2011) also found that income also has a negative impact on flood
magnitude (a one percent increase in income is associated with around 0.2% points
lower flood magnitude) possibly reflecting more resources available for flood control.
Interestingly, the indices of corruption and ethnic tensions exhibit a positive sign. A
reduction in the obstacles for collective action and efficient provision of public
services associated with an increase in the magnitude of the flood.
Stevens et al. (2010) indicated that government policies intended to reduce
flood losses can increase the potential for catastrophe by stimulating development
inside the floodplain, a phenomenon referred to as the “safe development paradox.”
And hence recommended changes in New Urban design codes and local government
floodplain management to increasingly direct new development away from the
floodplain into the watershed. The studies and views suggest the watershed approach
for flood control and importance of people participation to achieve the bigger goal of
disaster risk reduction in a climate that is changing and offering an increased
frequency and intensity of extreme events.
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Kale and Hire (2007) evaluated the temporal variations in specific stream
power and the total energy available for geomorphic work during the monsoon season
for the Tapi River in central India. Their analysis shows that the total amount of
energy generated during the monsoon season is in the range of 37 mega joules (deficit
monsoon years) to 256 megajoules (excess monsoon and/or flood years), and large
floods have one-third share in the total annual monsoon energy expenditure.
Gosain et al. (2006) attempted to quantify the impact of the climate change on
the water resources of Indian River systems. The study has projected increased
severity of droughts and intensity of floods in various river basins of India. The
authors have presented the results of two river basins predicted to be worst affected,
namely the Krishna and the Mahanadi river basins.
Kumar has applied GIS techniques in Flood Hazard Management in North
Indian Plain. This system constitutes of the Ganga, and its largest tributary the
Yamuna, other Himalayan rivers- Ramganga, Gomati, Ghaghara, Gandak, Rapti,
Gandak and Kosi, and some peninsular rivers, like Chambal, Son and Punpun. It is
also examines the potential of GIS to meet the purpose. The alternative plan requires a
proper integration of physical, socio-cultural, economic and demographic data. As
data management and map representations tools of GIS helps in exploring new
potions its integration with Remote Sensing, enhance the ability for preparing flood
hazard map and forecasting. Besides its constraints like technological knowledge
requirements, hardware and software requirements, thus GIS can be very useful to
minimize flood hazard.
Ramalingam and Vadivukarasi has used SAR data for flood inundation
studies. Two hours of rain in November 2002 was enough to create total chaos in
several parts of the city and its outskirts. The study area comprises of Velachery and
it's surrounding. They used data such as RADARSAT SAR - November 2002, IRS
LISS III and PAN merged imagery-2002, Maps of Adyar and miscellaneous
watersheds (4C2C2), Survey of India Toposheets, Rainfall level data -November
2002. The SAR data was displayed using the ENVI 4.0 image processing software.
Base Map is prepared using survey of India Toposheet. Since the reflectant
characteristics of the flood inundated areas are not known, only unsupervised
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classification has been done initially. After detailed studies the training sites have
been given and supervised classification has been made. The best one was identified
as the Wavelet Transformation Classification to classify. This information is assigned
as the component of the feature vector of a pixel. The classification using this method
was successfully applied to Merged SAR image. Results indicate high classification
accuracy for all classes. This class is contained with texture information that does not
provide a unique feature. It is also seen that the information at the higher level can
improve the classification accuracy.
Bapalu and Sinha (2006) has tried to identify areas of risk and prioritize their
mitigation/response efforts in the flood-hazard areas in the Kosi River Basin, North
Bihar, India in a GIS environment. The primary data used for this study were obtained
from three sources. The first set of data includes topographic maps, district level
maps, and census data of 1991 for the regional divisions of Bihar are obtained from
the Survey of India, National Atlas and Thematic Mapping Organization (NATMO),
and District Statistical Office, Saharsa respectively. The second set of data includes
the digital elevation data (GTOPO30), a global digital elevation model (DEM) from
U.S. Geological Survey's EROS Data Center in Sioux Falls, South Dakota and the
DEM derived from the toposheets of the study area. The third set of data is the digital
remote sensing images for the study area in IRS-1D, LISS III. The primary decision
factors considered in this study are geomorphic features, elevation, vegetation, land
cover, distance to active channels, and population density. They have prepared flood
Hazard Index. This study formulates an efficient methodology to accurately delineate
the flood hazard areas in the lower Kosi River basin, North Bihar, India. This study
represents some exploratory steps towards developing a new methodology for
inexpensive, easily-read, rapidly-accessible charts and maps of flood hazard based on
morphological, topographical, demographical related data.
Joy and Lu have designed a Flood Hazard Mapping which has vital
component for appropriate land use planning in flood-prone areas. It creates easily-
read, rapidly accessible charts and maps which facilitates the administrators and
planners to identify areas of risk and prioritize their mitigation/ response efforts. An
efficient methodology is used to accurately delineate the flood-hazard areas in the
Kosi river.
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Chandran et al., has used the Airborne Synthetic Aperture Radar (ASAR)
images in mapping the flood inundation and causative factors of flood in the lower
reaches of Baghmati river basin for the period July– October 2004. Integration of the
flood inundation layer and land cover layer derived from LISS III data indicate that 62
percent of the agricultural area was inundated. Floodwater drained faster in the left
bank, whereas it was slow in the right bank. The Digital Elevation Model of the area
shows that the flood-prone right bank of the Baghmati River is a topographic low
sandwiched between Kosi and Burhi Gandak highs (mega fans). Area under flood
inundation for various land cover classes has been shown comparative bar graph.
Spatial maps such as fluvial geomorphology of the study area, drainage configuration
of Baghmati river during pre-flood, flood and post-flood, Transverse spatial profiles
across Kosi–Ganga transect, Bhirkhi–Ranka transect and Bharath–Bachhauta transect
and, Longitudinal spatial profiles along (a) Chanha nadi and (b) under fit channel of
Baghmati, and difference image (pre-post) showing flooding from tributaries and
embankment failure has been prepared by them. In this study, they observed that the
right bank of the Baghmati river undergoes frequent flooding due to topography,
channel morphometry and discharge characters. The embankment constructed along
the course (Baghmati and Burhi Gantak) is found to impede the recession of
floodwater.
Ho et al., A case study was conducted in the alluvial plain of the Vu Gia – Thu
Bon River system, central Vietnam. The extraction of moist soil by MNDWI can help
to detect flooded sites and this result is compared with the landform classification
map, SRTM DEM elevation ranges and land cover classification. The comparison
reveals close relationship between water saturated areas, elevation ranges, and flood
condition that the areas with elevation lower than 4m and classified as flood basin and
deltaic lowland are inundated deeply and for rather long duration. Higher areas such
as terraces and sand dunes are not flooded and natural levees are less flood-affected.
Moreover, this study proves the significance of MNDWI for separating moist soil for
flood prediction.
Tollan, (2002) in his paper while making a reference to Norwegian HYDRA
research programme on human impacts on floods and flood damage, concluded that
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land use change effects on floods are most pronounced at small scale and for frequent
flood magnitudes.
Leenaers and Schouten, (1989) in their work revealed that due to an increase
in the urban area and sealed roads as well as scale enlargement and modernization in
agricultural practices in the hilly province of Limburg (Netherlands) has contributed
to an increase of surface runoff, causing severe runoff problems of water damage in
urban areas and soil erosion on agricultural cropland.
Rao, Shyamala and Rao, (1989) in their joint study entitled “Evaluation of
Integrated watershed Management Programme – Flood Prone River- Upper Yamuna-
U P and H P found that the heavy pressure on land in the catchment by the increased
population, the wanton destruction of forest cover and indiscriminate cultivation
practices in the catchment areas have increased runoff and silt load into the river
causing changes into the river regimes, resulting in more floods.
Sandstrom, (1995) in his study on the floods in Lake Babati after analyzing
rainfall trends and using water balance model simulating lake levels under both
forested and deforested catchment conditions concluded that deforestation and land
degradation induced the floods.
Samant and Subramanyam, (1998) while studying flood problems in Mumbai-
Navi-Mumbai came to the conclusion that in the study area there has been a
significant reduction in forest and agricultural land while as threefold increase has
been witnessed in built-up from the last seventy years. This has affected the natural
drainage of the cities causing floods during monsoons.
Lahmer et al. (2000) investigated the impacts of environmental changes on
flood generation. They simulated floods in response to an extreme precipitation event.
The study demonstrated that the forest scenario had a considerable impact on the
flood wave at the basin outlet; Compared to actual land use, peak flow and discharge
volume were considerably reduced.
European Environment Agency, (2001) stressed that the main driving forces
behind floods are climate change, land sealing, changes in catchment and floodplain
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land use, population growth, urbanization and increasing settlement, roads and
railways and hydraulic engineering measures.
Johnson, (2008) stated that some human activities contribute to an increase in
the adverse impacts of flood events. These human activities include increasing human
settlements, economic assets in floodplains and the reduction of natural water
retention by land use change.
Iqbal, (2010) while working in Malda, West Bengal reported that the
unplanned land use activities, deforestation, development of irrigation in the upper
valleys reduced base flow and increased the flood discharge that has resulted in wide
variation of flow from lean period to monsoon.
Solin et al. (2010) concluded that the frequency of flood events increases with
the increasing total land cover change in a catchment and this tendency is clearly
distinguishable but there is no difference in frequency of flood events as far as type of
land cover change (accelerating or decelerating runoff) is concerned.
Research conducted by John Pitlick (1997) evidences natural climate
variations as a flood hazard-formative factor and a leading cause of the 1993 floods.
Pitlick opposes the idea that wetland reduction was responsible for the 1993
Mississippi floods on the ground that the statistical probability of receiving the
amount of rainfall that fell during the flood was 1 in 1,000 and more than accounted
for the amount of runoff and saturation given wetlands’ potential for storing runoff
during extreme flood disaster events.
Yiming Wei (2003) presents an excellent conceptualization of flood hazards.
She asserts that for a flood disaster to occur, three constituents must be present: 1)
Hazard-formative factors 2) Hazard-formative environment 3) Hazard-affected
bodies. Hazard-formative factors are those that induce floods such as heavy rainfall. A
hazard formative environment is an environment predisposed or well conditioned to
flooding due to geographic or topographic characteristics. Finally, hazard-affected
bodies include the people, property, and agricultural product in the affected area.
Without these three factors, the flood event would merely be a natural flood and not a
flood disaster.
Chapter 4
Land Use/land Cover change
Detection Analysis
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4.1 Introduction
Land is the basic natural resource of mankind. Over the span of human
history, man has drawn most of his sustenance and much of his fuel, clothing and
shelter from the land. Man fulfils his needs by putting the available land to different
uses. Nature has provided human beings with abundant resources where he benefits
himself from it with minimum efforts. Land use is the use of the land by man. In other
words, land use simply means the use to which the land is being put or the utilization
of land devoted to human activities. Sekliziots (1980) defines land use as the human
function of a given area while land cover is the physical surface of the land. The land
use/land cover change analysis has become a central component in current strategies
for managing and monitoring environmental changes. Human activities play an
important part in virtually all natural systems and are forces for change in the
environment at local, regional, and even global scales. Social, economic, and cultural
systems are changing in a world that is more populated, urban, and interconnected
than ever. Human dimension’s research includes studies of potential technological,
social, economic, and cultural drivers of global change, and how these and other
aspects of human systems may affect adaptation and the consequences of change for
society. Much of the research is “cross-cutting”—integral to explorations of causes
and impacts of changes in atmospheric composition, climate, the water cycle,
ecosystems, land use and land cover, and other global systems. As the earth’s
population has been growing rapidly and more stress is put on the land to support the
increased population, hydrologic resources are affected both on local and global scale.
Since humans have controlled fire and domesticated plants and animals, they
have cleared forests to wring higher value from the land. About half of the ice-free
land surface has been converted or substantially modified by human activities over the
last 10,000 years. A recent study estimated that undisturbed (or wilderness) areas
represent 46% of the earth’s land surface (Ball, 2001). Forests covered about 50% of
the earth’s land area 8000 years ago, as opposed to 30% today (FAO, 2003).
Agriculture has expanded into forests, savannas, and steppes in all parts of the world
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to meet the demand for food and fibre. Agricultural expansion has shifted between
regions over time; this followed the general development of civilizations, economies,
and increasing populations (Mittermeier et al., 2003). Determining the effects of land-
use and land-cover change on the Earth system depends on an understanding of past
land-use practices, current land-use and land-cover patterns, and projections of future
land use and cover, as affected by human institutions, population size and distribution,
economic development, technology, and other factors.
The changes of land use patterns certainly provide many social and economic
benefits. However, they also come at the cost of stability of natural environment. The
need for a closer integration or co-ordination between flood management plans and
land use plans has been recognized since long. Land use change is driven by the
interaction in space and time between biophysical and human dimensions. The
potential large impact of land use/land cover change on the physical and social
environment has stimulated research in the understanding of land use change and its
main causes and effects. The Land use/Land cover Change Project of the International
Geosphere-Biosphere Programme (IGBP) and the International Human Dimensions
Programme on Global Environmental Change (IHDP) aims at stimulating and
coordinating research on land use change (Lambin et al., 1999; Turner et al., 1995).
The scientific research community called for substantive study of land-use and
land-cover changes during the 1972 Stockholm Conference on the Human
Environment, and again 20 years later at the 1992 United Nations Conference on
Environment and Development (UNCED, 1992). In the past decade, a major
international initiative to study land-use and land-cover change (LULC), the LULC
Project, has gained great momentum in its efforts to understand driving forces of land-
use change (mainly through comparative case studies), develop diagnostic models of
land-cover change, and produce regionally and globally integrated models (Lambin et
al., 1999; Geist and Lambin 2002).
The strong interest in land-use and land-cover results from their direct
relationship to many of the planet's fundamental characteristics and processes,
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including the productivity of the land, the diversity of plant and animal species, and
the biochemical and hydrological cycles. Land cover is continually molded and
transformed by land-use changes such as, for example, when a forest is converted to
pasture or crop land. Land-use change is the proximate cause of land-cover change.
The underlying driving forces, however, can be traced to a host of economic,
technological, institutional, cultural and demographic factors. In fact, humans are
increasingly being recognized as a dominant force in global environmental change
(Moran 2001; Turner 2001; Lambin et al., 2001). Changes in land use are likely the
most ancient of all human-induced environmental impacts. Land-use and land-cover
change can contribute to natural hazards such as drought and flooding. The link
between land cover and flooding is very important. Detailed historical research in one
watershed, the North Fish Creek in Wisconsin, suggests that rapid deforestation for
farmland contributed to sedimentation and flooding in the 19th century (Fitzpatrick et
al., 1999).
4.2 GIS in Land Use Change Detection Analysis
Urban land use/land cover change detection and ecosystems have been
analyzed by many researchers (Welch and Ehlers 1987, Pathan et al., 1993, 1996,
Riley et al., 1997, and in many more recent articles). Many urban land use studies
have assessed the use of remote sensing images through diverse methods of
classification to generate accurate urban land use maps and also to detect changes in
urban land use/land cover (Jensen and Toll 1982, Toll 1985, Haack et al., 1987,
Forster and Jones 1988, Sobrino and Raissouni 2000, Powell et al., 2007). Monitoring
and mapping the trend of changes in urban land use with time were the main
objectives of many remote sensing studies (e.g. Martin and Howarth 1989, Ridd 1995,
Mundia and Aniya 2005, Nichol and Lee 2005). Remote sensing technology provides
a means to measure changes in landscape pattern as well as changes in its condition
over time (Peterson and Running 1989, Lunetta et al., 2002, Nichol and Lee 2005).
Since landscape types are constantly changing, studies of landscape dynamics
at large spatial extent would have been difficult without the development of remote
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sensing techniques during the last two decades. Such developments, in combination
with the increasing availability of remotely sensed data and new methods in spatial
modelling and GIS, have increased the extent and accuracy of assessing rates,
patterns, and direction of regional change. Recently, remote sensing with multi-
temporal high resolution satellite data has become a strong tool for monitoring aspects
such as vegetation cover soil degradation, urban expansion and more generally for
most types of LU/LC changes (Yildirim et al., 1995; Mundia and Aniya, 2005; Raju
et al., 2008; Rahman et al., 2010). In contrast to ground-based terrestrial data
acquisition, valuable knowledge can be gained in a relatively short time and cost
effective way. The importance of mapping land use classes and monitoring their
changes with time has been widely recognized in the scientific community. Remote
sensing and GIS are important tools for studying land use patterns and their dynamics.
Land use changes are invariably associated with the mining of natural resources.
Studying changes in land use pattern using remotely sensed data is based on
the comparison of time sequential data. Change detection using satellite data can
allow for timely and consistent estimates of changes in land use trends over larger
areas and has the additional advantage of ease of data capture in to a GIS (Prakash
and Gupta, 1998). The integration of remote sensing and geographic information
system has been widely applied and has been recognized as a powerful and effective
tool in detecting urban land use and land cover change (Ehlers et al., 1990, Treitz et
al., 1992, Harris and Ventura 1995, Sobrino and Raissouni 2000, Yang and Lo 2002,
Stathopoulou et al., 2004, Mundia and Aniya 2005). Satellite remote sensing collects
multispectral, multi-resolution and multi-temporal data, and turns them into valuable
information for understanding and monitoring urban land processes and for building
urban land cover datasets. GIS technology provides a flexible environment for
retrieving, analyzing and displaying digital data from various sources that are
essential for urban feature identification, change detection and database development.
The launching of Landsat in 1972 began an era of major advancement in the
inventory of resources and the monitoring of the environment from space. Since then,
techniques have been developed in using satellite images to detect land use change to
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find out the type, amount, and location of land use change that has taken place. Data
from the Landsat Multi Spectral Scanner (MSS), Thematic Mapper (TM), and
Enhanced Thematic Mapper (ETM+ ) sensors, with its synoptic and regular (18- day
for WRS1, 16-day for WRS2) coverage, have the potential for detection and inventory
of all changes in cover type, cover condition, and therefore land use, in areas of
research interest. Many applications based on the use of remote sensing data have
been documented in the monitoring of land use change (Howarth 1986, Martin 1986,
Fung and LeDrew 1987, Eastman and Fulk 1993, Adams et al., 1995, Jensen et al.,
1993, 1995, Mandhavan et al., 2001, Mundia and Aniya 2005, Nichol and Lee 2005,
Powell et al., 2007). Satellite remote sensing is a widely used technique to produce
land use and land cover maps and to study vegetation cover (Fung and Chan, 1994;
Nichol and Lee, 2005). In particular, the landscape surrounding an urban area may be
severely modified over a relatively short period of time, thus requiring multi-temporal
data to be properly monitored and analysed (Lunetta et al., 2002). To this purpose,
digital data from Landsat Thematic Mapper (TM and ETM+) images allow the
analysis of the territory characteristics with enough accuracy and may be used for
effective management of natural resources due to their spectral and spatial
characteristics (Schriever and Congalton, 1995), providing that a proper evaluation of
the classification accuracy is performed (Foody, 2002).
4.3 Land use/ Land cover Categories
Conversion of forests to other land use has been the general trend in
mountainous areas. Such changes have been widespread in the past several decades in
the Himalayan region (Rai et al., 1994; Singh et al., 1983). This type of conversion
has been necessitated by increasing population pressure and limitation of productive
agricultural land (Rai & Sharma 1998). The study area has been divided into the nine
major land use/land cover classes which are as follows: Agriculture, Forest, Scrub,
Built-up, Water bodies, Wetlands, Brick Kilns, Plantation, and Horticulture.
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4.4 Land use Analysis of Greater Srinagar (1992)
The land use/land cover statistics of 1992 of Greater Srinagar is given in the
table 4.1
Table 4.1: Land use/ land cover of Greater Srinagar (1992)
Land use/Land cover
Category
Area in sq.kms Percentage of total area
Plantation 126.71 11.86
Wetland 43.04 4.02
Scrub 79.79 7.40
Forest 51.66 4.83
Brick kiln 3.96 0.37
Horticulture 121.02 11.32
Built up 68.00 6.36
Agriculture 537.19 50.26
Water body 37.98 3.55
Total 1068.72 100.00
Source: Computed from Land Sat TM, 1992
Agriculture was the dominant land use category followed by plantation.
Agriculture being the dominant land use in Greater Srinagar with an area of 537.19
sq.kms, it comprised 50.26 per cent of the study area. Plantation, horticulture and
scrub are the other major land cover classes comprising of 11.86, 11.32 and 7.40 per
cent area respectively and with a total area of 126.71, 121.02 and 79.17 sq.kms
respectively (Fig. 4.1).
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Land use / Land cover statistics - 1992
Fig. 4.1
Built-up occupied 68 sq.kms and constituted 6.36 percent of the study area.
Forest cover an area of 51.66 sq. Kms which is 4.83 percent of the study area,
wetlands covered only 43.04 sq.kms amounting to 4.02 percent of the total area,
where as water bodies occupy 37.98 sq. Kms and constitutes 3.55 percent of the study
area. Brick kilns occupied about 3.96 sq. Kms which constitute about 6.36 percent, of
total area (Fig. 4.2).
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Fig. 4.2: Land use / Land cover Map of Greater Srinagar (1992)
Source: Generated from Land Sat TM Image, 1992
4.5 Land use Analysis of Greater Srinagar (2010)
The land use analysis map of 2010 has been generated from satellite data and
the statistics of the same is presented in table 4.2. The statistics reveals that
agriculture is the dominant land use with a total area of 419.46 sq.kms which
constitutes 39.24 percent followed by plantation which occupies 192.95 sq.kms which
is 18.05 percent of the total area of greater Srinagar.
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Table 4.2: Land use / Land cover of Greater Srinagar (2010)
Land use/Land cover
Category
Area in sq.kms Percentage of total area
Plantation 192.95 18.05
Wetland 34.58 3.23
Scrub 60.61 5.67
Forest 41.78 3.90
B'Klin 7.55 0.70
Horticulture 139.92 13.09
Built up 133.93 12.53
Agriculture 419.46 39.24
Water body 38.61 3.61
Total 1068.72 100.00
Source: Computed from LISS III, 2010
Horticulture is the next major land cover category spread over an area of
139.92 sq.kms occupying 13.09 percent of the study area as indicated in fig. 4.3.
Chapter – 4 Land Use / Land Cover Change Detection Analysis
63
Land use / Land cover statistics – (2010)
Fig. 4.3
Next major land cover class in the study area is the built-up which covers an
area of 133.93 sq.kms which is 12.53 percent. Scrub constitutes 60.61 sq.kms
constituting about 5.67 percent of the total area. A total of 38.61 sq.kms is occupied
by the water bodies which is only 3.61 percent, whereas forest covers an area of 41.78
sq.kms which constitutes 3.9 percent of the study area. Wetlands have the least
coverage of 34.58 sq.kms which is only 3.23 percent of the study area (Fig. 4.4)
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Fig. 4.4: Land use / Land cover Map of Greater Srinagar (2010)
Source: Generated from LISS III Image, 2010
4.6 Land use / land cover change – Greater Srinagar, 1992 – 2010
The land use land cover changes that has occurred in the study area from 1992
to 2010 is presented in the table 4.3. The analysis revealed that the highest change has
occurred in the agriculture registering a decrease of 117.72 sq.kms from 1992 to 2010.
Plantation occupied an area of 126.71 sq.kms in 1992 which has increased to 192.95
sq. kms in 2010, showing a net increase of 6.20 percent. Built-up area has witnessed
an increasing trend as the total area under this category in 1992 was 68 sq. Kms and
by 2010 it has increased up to 133.93 sq.km, showing an increase of 6.17 percent.
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Table 4.3: Land use / Land cover Change – Greater Srinagar 1992-2010
Land use/Land cover Category Area in Km2
(%age)
(1992)
Area in Km2
(%age)
(2010)
Change in Area(km2)
(%age)
Plantation 126.71
(11.86)
192.95
( 18.05)
66.24
(6.20)
Wetland 43.04
(4.02)
34.58
(3.23)
-8.45
(-0.79)
Scrub 79.79
(7.40)
60.61
(5.67)
-18.56
(-1.74)
Forest 51.66
(4.83)
41.78
(3.90)
-9.87
(-0.92)
Brick Kiln 3.96
(0.37)
7.55
(0.70)
3.60
(0.34)
Horticulture 121.02
(11.32)
139.92
(13.09)
18.91
(1.77)
Built up 68.00
6.36
133.93
(12.53)
65.94
(6.17)
Agriculture 537.19
50.26
419.46
(39.24)
-117.72
(-11.01)
Water body 37.98
3.55
38.61
(3.61)
0.04
0.00)
Total 1068.72
(100)
1068.72
(100)
Source: Computed from Land Sat TM-1992, LISS III- 2010
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Horticulture occupied 11.32 percent in 1992 which has increased to 13.09
percent in 2010, showing a net increase of 1.77 percent, whereas Scrub witnessed a
decreasing trend as the total area under this category in 1992 was 79.17 sq. Kms and
by 2010 it has decreased 18.56 sq. Kms. Forest cover exhibited a decrease from 51.66
sq.kms in 1992 to 41.78 sq.kms in 2010, registered a decrease of 0.92 percent (fig.
4.5).
Land use / Land cover change statistics (%age) (1992-2010)
Fig. 4.5
Area of wetlands have reduced from 43.04 sq.kms in 1992 to 34,58 sq.kms.
The total decrease in the area under wetlands has been 8.45 sq.kms which is a
decrease of 0.79 percent. Brick kiln is an another land cover category which has
shown an increase from 3.96 sq.kms in 1992 to 7.55 sq.kms in 2010 with an increase
of 0.34 percent. Area under water bodies has shown almost a negligible change from
37.98 sq.kms in 1992 to 38.0sq.kms in 2010 with a change of 0.04 sq.kms.
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4.7 Land use / land cover growth (1992-2010)
It could be inferred from the analysis of table 4.4 and fig 4.6, that some land
use/land cover classes have registered a positive growth, while as others have
witnessed a negative growth.
Table 4.4: Total Growth Rate in different land use / land cover categories of (1992 –
2010)
Land use/Land
cover
Category
Area
Sq.Kms
(1992)
Area
Sq.Kms
(2010)
Growth
Plantation 126.71 192.96 52.28
Wetland 43.04 34.59 -19.64
Scrub 79.17 60.61 -23.44
Forest 51.66 41.79 -19.10
Brick Kiln 3.96 7.56 90.75
Horticulture 121.02 139.93 15.63
Built up 68.00 133.94 96.96
Agriculture 537.19 419.47 -21.91
Water body 37.98 38.02 0.10
Total Area 1068.72 1068.72
Source: Computed from Land Sat TM-1992, LISS III- 2010
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4.7.1 Built-up land use
The expansion of the city strongly influences the villages in terms of land use
and population, both physically and in a socio-economic sense. Its influence stretches
far beyond the immediately adjacent area as it enjoys the position of primacy within
the region. Srinagar being the state capital and the most dynamic among all the urban
centres of the region constitutes 66.30 percent of total urban population of Kashmir
region and 38.77 percent of the total urban population of Jammu and Kashmir State
(Census of India, 2001). The city has shown unique trends in its population growth, as
during the decades of 1971-81 and 1981-2001, the population has exploded more than
double and the incremental rate of population has been about 0.18 lakh persons per
year, the highest growth rate which is recorded for any urban centre of the state. This
huge population growth has eventually resulted in unprecedented land use change in
built-up category in Greater Srinagar, which has increased from 6.36 percent (68
kms2) in 1992 to 12.53 percent (133.93 kms2) in 2010 thus registering and showing a
growth of 96.96 per cent (fig 4.6). This expansion has mainly been in terms of
residential land use, as during the period under study huge number of residential
colonies and commercial apartments have come up in the periphery and the city.
These developments have mainly been at the cost of productive agricultural land and
precious wetlands of the study area.
4.7.2 Agricultural land use
The urban centres serve as ‘engines’ of growth in most of the developing
countries by providing opportunities for employment, education, knowledge and
technology transfer and ready markets for industrial and agricultural products. The
urbanization leads to the outward expansion of cities and results in changes in land
use whereby urban residents buy up prime agricultural land for residential or
commercial purposes The conversion of farm lands for residential purposes have
negative consequences on food security, water supply as well as the health of the
people. In the study area, there has been a continuous transformation of land from
agriculture to built-up and other uses which are primarily in response to the demands
of the main city. Agriculture was the largest land use category in the year 1992,
Chapter – 4
covering an area of 50.26
hence shown a growth of 21.91 per cent.
Growth in Land use / Land cover categories, 1992
4.7.3 Wetlands
About 50 % of the world’s wetlands have been lost in the last
wetlands covered an area of 4.02 percent in 1992(43.04
3.23 percent (34.58 kms
(Fig. 4.6).The unprecedented loss
result of unplanned and
has not only resulted in
as flood absorption basin. Large areas of th
different developmental
area under wetlands has
been destroyed.
52.28
-19.64
-40.00
-20.00
0.00
20.00
40.00
60.00
80.00
100.00
120.00
Land Use / Land Cover Change Detection Analysis
69
percent which has been reduced to 39.24 percent in 2010,
-
Fig.4.6
kms2) and have
2) in 2010, hence showed a negative growth of 19.64 per cent
of wetlands during last few decades mainly as a
haphazard urban sprawl. The loss in terms of areal expansion
a threat to the wet land ecology but also reduced their capacity
ese wetlands have been lost due to
activities, siltation and encroachments. Further, the remaining
been fragmented and many interconnecting streams have
-23.44
-19.10
90.75
15.63
96.96
2010
century. The
reduced to
-21.91
0.10
Chapter – 4 Land Use / Land Cover Change Detection Analysis
70
4.7.4 Scrubland land use
The scrubland has decreased substantially from 7.40 percent in 1992 to 5.67
percent in 2010 registering a negative growth of 23.44 percent. The scrubland or
wastelands are most sensitive to any type of encroachment particularly to agriculture.
The change has mainly been due the encroachment of agriculture in Zabarwan hills
and partially due to various forestry schemes adopted to ensure protection of green
spaces in the Srinagar city.
4.7.5 Brick Kiln land use
Urban areas demand a high input of resources such as food grains, vegetables,
milk, fuel wood, timber, water, soil, bricks and other material required for various
developmental and constructional activities. The expanding urban area of Srinagar
with fast increase in population implies an increasing demand for residential,
commercial, industrial and public buildings and other physical infrastructure. Thus,
the physical structure of the city requires large amount of construction material and
the bulk of material is derived from locally available clay, soil, sand and gravel. This
can be seen from the brick kilns found in the study area as bricks are predominantly
used for infrastructure development. The area under brick kilns in 1992 was 3.96
kms2 (0.37 percent) and has increased to 7.55 kms2 (0.70 percent) in 2010(fig. 4.6),
thus registering a growth of 90.75 per cent.
4.7.6 Plantation land use
The area under plantations covered an area of about 11.86 percent (126.71
kms2) in 1992 and has increased to 18.05 percent (192.95 kms2) in 2010, thus
registering a growth of 52 per cent (Fig. 4.6). This tremendous amount of increase in
this land use category is peculiar to the Srinagar City as it is situated along Jhelum
valley floor in lowlands of Kashmir valley, characterized by abundance of wetlands
and flood prone agricultural land mainly along left bank of river Jhelum. The
shrinkage of the wetlands of fringe area of the city has mainly been at the cost of
willow plantations. Similarly, the flood prone areas of Jhelum floor have been planted
heavily in recent years so as to reduce the chances of economic losses on account of
paddy and mustard cultivation.
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4.7.7 Horticulture land use
The horticulture constituted 11.32 percent (121.02 kms2) in 1992 and has
increased to 13.09 percent (139.92 kms2) in 2010, thus, registering a growth of 15.63
per cent. It is seen that the newly converted horticulture land is simultaneously used
for vegetables as horticulture needs few years to yield crops. The expansion of
horticulture in the study area is attributed to the economy of the people. Within
primary sector of economy, horticulture assumes the priority as its returns are more
than that of agriculture.
Forests and water body shows negligible changes as the forest in the study
area are protected as Dachigam national park is located there. Srinagar being one of
the famous tourist area, water bodies in the study are the main attraction of tourists
like Dal lake, Nigeen etc; so a lot of attention from government towards their
beautification and conservation.
Chapter 5
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5.1 Hydrological Characteristics of River Jhelum
In Kashmir, floods are causing enormous damage to life and property very
often and occur mainly in Jhelum basin. The flood problem in the Valley arises
primarily from the inadequate carrying capacity of the Jhelum in its length from
Sangam to Wular Lake. The safe carrying capacity of the Jhelum from Sangam to
Wular Lake ranges from 40,000 to 50, 000 cusecs and through the Srinagar city only
about 35,000 cusecs. Compared to this, the flood discharge at Sangam rose to as much
as 90,000 cusecs in 1957 and over 100,000 in 1959.
The in adequate discharge carrying capacity of the Jhelum results in different
type of flood problem in various reaches of the Valley. To understand them clearly it
is inevitable to divide Jhelum into the following three reaches:
I. Sangam to Srinagar
II. Through Srinagar
III. Below Srinagar
In the first reach, the safe carrying capacity of Jhelum is about 50,000 cusec.
When higher discharges are experienced, the bunds breach at number of places,
mostly on the left side and submerge the low-lying areas in the vicinity. This
however, safeguards the Srinagar city by reducing the peak discharge below the
breach level of about 50,000 cusecs just upstream of it. At Padshahi Bagh, a flood
spill channel with a designed carrying capacity of 17,000 cusecs takes away the actual
volume of 35,000 cusec from the main river (Master plan for Flood control in the
Kashmir valley).
Since the discharge capacity of river through Srinagar is only 35,000 cusecs, a
higher discharge would endanger the security of the city. Srinagar city is situated
along both the embankments of the river which adds to the difficulty of keeping the
city safe from the inundation. The simplest solution would appear to be to raise and
strengthen the river embankments, but there is no scope for such a measure as many
important buildings and habitations have sprung-up right along the embankments.
Any scheme of raising and widening the embankments would involve demolition of
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number of these structures and so solution of the problem lies in restricting the flood
discharge of the river to the safe carrying capacity through the city.
The reach of the river between Srinagar and Wular Lake can safely carry a
discharge of 30,000 to 40,000 cusecs. The problem of this is interlinked with that of
the reach below Wular Lake, commonly known as the Outfall Channel. The outfall
channel is the only outlet of the drainage of whole valley. But it has at present silted
up heavily and therefore cannot carry more than about 20,000 cusecs even during
major floods. The flood waters therefore have to accumulate in the Wular Lake,
which acts as an absorption basin. Due to the rise in the water level in the Wular
Lake, water heads up in the reach above, almost upto Srinagar and subjects the
embankments in the reach to greater pressure. This area known as the Sonawari area
has been constituted into a community development block and therefore its
submergence results in tremendous loss.
The floodplain of the river Jhelum is more prominent on the left side of the
main channel. This has led to the emergence of number of wetlands on this side and at
the time of floods these wetlands act as the flood absorption basins for the excessive
water that is debouched into them through overland flow, small rivulets and the flood
channel. The first part of the floodplain stretches from Brazul to Sangam on the left
side of Vishaw and from Badasgom to Bejibihara along Sandran and Bring. This
whole belt is inundated by the over discharge of Vishaw, Sandran and Bring rivers.
The middle portion of the floodplain that is from Sangam to Pampore is
comparatively narrow and in this part the river Jhelum the safe discharge carrying
capacity of 50,000 cusecs. Below Pampore the Jhelum floodplain is most extensive
almost upto Wular lake. The areas which are submerged in this portion during the
time of floods include Bemina, Zainakot, Shadipur, Padshahi Bagh, Narbal,
Lawaypur, Naugam etc. This part is a depression where there are higher chances of its
submergence even at the time of low floods. In the middle section of the floodplain
the areas which are flood prone include Pampore, Loru, Awantipora, Charsoo,
Kakapora, Barsoo etc.
The threat of floods has therefore three parts i.e. from Sangam to Srinagar,
Srinagar city and below Srinagar city. Protection of Srinagar city is obviously of
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paramount importance. Next important thing is the protection of highly fertile area
between Srinagar and Wular Lake. Then in priority comes the protection of valley
upstream of Srinagar. As the flood discharges, the city has to be restricted to the safe
carrying capacity of the river in this reach and the interests of the valley upstream of
Srinagar have to be compromised. In case of higher discharges coming down the
river, often deliberate breaches are developed in the upper reach to reduce the
discharge passing through the Srinagar city.
5.2 Description of Jhelum Basin
The Valley of Kashmir is a fertile plain oval in form and surrounded by
unbroken mountains. It is like the soccer shaped bowl surrounded by hills on all sides
with a single drainage outlet, the river Jhelum, which actually originates from a spring
at Verinag. The Jhelum River system is unique and does not exhibit the characteristics
of other Himalayan rivers. It has well established meandering form and is sluggish in
its course. Its course has not changed during the past several decades. At Khanabal it
becomes navigable and to be so in its course upto Baramulla. From Khanabal to
Srinagar the river flows in a single channel between earthen banks constructed by
local farmers since ancient times and raised by government from time to time. A flood
spill channel had been constructed at Padshahi Bagh, a little above Srinagar, to divert
a part of flood discharge towards the low lying areas situated along the eastern bank
of river Jhelum. The length of the river from Khanabal to Padshahi Bagh is about
seventy six kilometers. The level of bank is higher than the land on the left side of
river Jhelum due to which there has been the emergence of swamps being surrounding
by cultivated area. Along series of depressions lakes and Jheels are extended along the
course of river and are mostly on its left bank. These are connected to the river at
some places by outfall channels. During the floods, the spills from the river enter the
depressions and relieve the pressure to the main river.
Through Srinagar the river flows between unbroken lines of houses
constructed on both the embankments. The waterway is narrow between Amira Kadal
and Safa Kadal and beyond Aali Kadal the river follows a south-westerly direction
making a big loop. Below Srinagar the river passes through high embankments on
either of its sides. The Anchar Lake, Shalabug Nambal and Rakhi-i-Rabitar are
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situated along its right bank while on the left of it is the old Senwar presently known
as Sonawari area. The Sind River is divided into a number of branches a little above
the Haran Reserved forests. Few of the branches of the river take a south-easterly
direction and empties themselves into the Anchar Lake. Rest of the branches reunite
and make their way through Shalabug Nambal upto Shadipur where they debouch all
their waters into the river Jhelum. The Asham nalla taking off from the Shadipur
provides a shortcut to Sopore, making it possible for boats to avoid a stormy and
dangerous passage of Wular Lake.
Source: Generated from SOI toposheets 1971
Fig. 5.1
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5.3 Historical Floods in Kashmir Valley
History of Kashmir is of full of the tragic accounts of floods that overtopped
the banks of the Jhelum River, swept over the cultivated lands and villages bringing
famine in their wake. Under kings Lalitaditya and Avantivarman and other rulers of
the land, mighty schemes of flood control and river regulation and drainage were
conceived and undertaken. But even at present, the problem of flood control remains
unsolved and challenging to the engineering skill of man.
In the history of Kashmir extending over two millennia before Christian era,
many floods have been mentioned together with the damage caused by them. A list of
great floods as prepared by Anand Koul (1978) is given below:
Historical floods in Kashmir valley
Year of Occurrence Extent of Damage Caused
2082-2041 B.C A destructive earthquake occurred by which the earth in the middle of the city
of Samdimatnagar rift apart and water gushed out in a flood and soon
submerged the whole city. By the same earthquake a knoll of the hill at
Baramulla near Khadanyar tumbled down which chocked the out let of the
Jhelum river and consequently the water rose high at once and drowned the
whole city, together with its king and inhabitants. This submerged city is now
the site occupied by the Wular Lake.
855 A.D – 883 A.D Famine was caused by floods and steps were taken to deepen the Jhelum river
Khadanyar in order to accelerate the flow of the river. This measure had the
effect of minimizing the chances of flood in the lower part of the valley.
1379 A.D 10,000 houses and crops were destroyed.
1379 A.D Many houses and crops were swept away.
1573 A.D Many houses and crops were destroyed.
1662 A.D Many houses and crops were destroyed.
1730 A.D 10,000 houses, all the bridges on Jhelum and crops were destroyed.
1735 A.D All the bridges on the Jhelum were swept away.
1770 A.D Crops were destroyed.
1787 A.D
1836 A.D
The bridges at Khanabal, Bijbihara, Pampore and Amira Kadal were swept
away.
Source: Koul, 1978
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5.4 Recorded Floods of Kashmir Valley
The first flood which has been recorded on the gauge dates back to July 21,
1893 A.D, the Shergarhi gauge; the first and the only gauge setup in 1893 showed that
the discharge was 61,800 cusecs and the quantity that passed through Srinagar was
estimated at 37,500 cusecs (Master plan for flood control in Kashmir valley). All the
bridges except Amira Kadal and many houses were destroyed. Loss of life and
property was immense.
a) Flood of 1903
The flood of 1903 is considered to be the maximum flood recorded so far. A
good deal of damage was done. The water passed down the valley for its full width
from hills on the right to the hills on the left of the valley.
b) Flood of 1905
Occurring on 12th of September, this flood was lower at Munshibagh by 2.5
feet than that of 1903. The rainfall at Anantnag for a couple of days before the flood,
totaled 3.32 inches against 7.3 inches in 1903. The flood passed down the valley once
again.
c) Flood of 1912
It was a low flood and occurred on May 18, 1912. The rainfall was only 0.33
inches a day or two prior to the rise at Munshibagh. It is probable that the affluent
above Srinagar did not add much to the Jhelum River.
d) Floods of 1928-1929
During these floods, the gauge at Sangam rose to the highest value recorded
by the time. The embankment near Awantipura was overtopped and breached at
several places. The water overflowed through the depression between the left
embankment and the hill on the left.
The gauge at Sangam rose regularly to a maximum and fell regularly; but
more slowly than it had risen. The gauge at Munshibagh rose regularly at first became
nearly steady for more than twenty four hours and then it rose rapidly to its maximum
when it stayed for about twelve hours before it began to fall comparatively slowly.
The crest and flat portion in the flood curve during rising flood indicating the
breaches in the bund above which temporarily reduced the water level. The water that
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spilled over the banks or breached through embankments above or below Awantipura
collected and flowed through the Nambals above Srinagar and back again into the
river through breaches in the bund at Padshahi Bagh. This caused the gauge at
Munshibagh to fall slowly.
Between Sangam and Padshahi Bagh, a large number of breaches occurred in
the bunds mostly on the left side of the river, causing heavy damage to crops and
property. More than half of the discharge passing through the city was carried away
by the flood spill channel.
e) Flood of 1950
In 1950, during the month of September, the heavy rainfall occurred in the
whole of northern India. In the valley of Kashmir a heavy cloud burst extending over
a few days occurred during the first week of September. Again, after an interval of
twelve days a still heavier rainfall occurred. Since the catchment area was saturated
during the first storm, the runoff due to the second storm was very heavy and caused a
very high flood in the valley. As the cloud burst was very extensive, the floods in the
Vishaw and Rembiara synchronized with the flood in the river Jhelum. The Rembiara,
before its junction with the Vishaw at Nyaiyun, breached its left bank and inundated
the valley on left side of the river. All the nallas, such as the Arapal and the Romushi,
swelled up considerably.
f) Floods of 1957 and 1959
During these floods the discharge in Jhelum raises to 90,000 and 100,000
cusecs respectively, which was too much high with respect to the carrying capacity of
the river Jhelum. These floods cause heavy destructions to the life and property, the
agriculture was badly affected which caused food shortage in Kashmir during that
period.
g) Recent floods
The noticeable floods, occurred recently in the years 1988,1992,1997 and
2006, these floods caused inundation of random parts of the study area (Kashmir
Irrigation and Flood Control Department Srinagar), and the water took several days to
recede back which caused damages to life and assets, as could be assessed from the
plates of 2006 flood event.
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: Flood water Inundation in Natipora area
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: Flood water inundation near Kursoo Rajbagh
: Flood Water Inundation in Batmaloo area
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Plate 5.5: Inundation of Saria-payeen area
: Inundation by flood near Lawaypora
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Plate 5.8: Damage to
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Inundation of wooden Shelter (slums) near Pandrathan
Mosque by flood near silk factory road Rajbagh
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Plate 5.9: Flood damages in Padshahibagh
: Level of inundation in Lelhar area
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5.5 Hydro meteorological Analysis
Hydrological data serve many purposes, including the documentation,
detection and quantification of climate variability and change, and improving our
understanding of the climate system and the links between the climate system and
other systems. Hydrological data are extensively used in various endeavours of
process modelling, assessment of impacts and development of response strategies.
The availability of water in a region is a function of the whole set of variables
which determine the equation of water inflow, outflow, and storage changes at a given
point of time. While meteorological factors play a fundamental role in these
processes, geological strata and topographical setting are decisive in the complexion
of storage changes (Strahler 1964). Hydrological processes vary in space and time,
and are random, or probabilistic in character. Precipitation is the driving force of the
land phase of the hydrologic cycle, and the random nature of precipitation means that
prediction of the resulting hydrologic processes (e.g., surface flow, evaporation and
stream flow) at some future time is always subject to a degree of uncertainty that is
large in comparison to prediction of the future behaviour of soils or building
structures, for example. These uncertainties create a requirement for hydrologic
measurement to provide observed data at or near the location of interest so that
conclusions can be drawn directly from the on-site observations. The precipitation and
discharge parameters within the study area show a marked Spatio-temporal variation.
Most of the precipitation is received in the months of winter and spring seasons.
During the winter season precipitation mostly occurs in the form of snow and in the
spring it is in the form of rainfall. Similarly the discharge pattern in the Jhelum does
not remain constant as it varies in accordance with the precipitation. Thus, the hydro
meteorological analysis becomes imperative to predict the general behaviour of these
parameters.
The floods in the Kashmir valley are mainly caused because of excessive
rainfall in higher catchments, which melts the snow and precipitates it down the hill
into the streams. The highest floods witnessed by the valley so far was during Sep-
1992, when the sangam touched the highest level and gauge, the gauge was 32.60 feet
The computed discharge at that time was 65,305 cusecs and maximum rate of rise was
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0.50 feet/hour. The highest gauge at Munshi Bagh in the same year was 22.60 feet
with the discharge of 45380 cusecs.
The sounding of alarm and declaration of flood duty is based on the gauge
levels at sangam and Munshi Bagh gauge sites only. It takes about 36 to 48 hours to
reach the flood discharge from Srinagar to Wular lake. More ever it depends upon the
available capacity of Wular lake at the time of heavy rains and subsequent floods in
the upper reaches of river Jhelum. As it is evident from Sept- 1992 floods it created
havoc in the upper reaches, but most of the flood discharge was accommodated by
wular lake and it did not affect much on the sides of out fall channel below Ningli.
The guage sites and the level on which flood alarm is sounded shown in table 5.1.
Table 5.1: Level of flood on which alarm is sounded
S.No. Name of Site Level on which alarm is sounded
1 Sangam 18.00 feet
2 Munshi Bagh 16.00 feet
Source: Irrigation and flood control department Srinagar.
The declaration of flood duty is based on the gauge levels at Sangam and
Munshi Bagh gauge sites only. The gauge and levels on which flood duty is declared
shown in table 5.2.
Table 5.2: Level and guage on which flood duty is declared
S.No Name of the
site
Guage on which flood
duty is declared
Level on which flood duty is
declared
1 Sangam 21.00 ft 5220.48 feet
2 Munshi Bagh 18.00 ft 5202.44 feet
Source: Irrigation and flood control department Srinagar.
The Jhelum is the main river responsible for flooding in the study area, which
flows throughout the length of Greater Srinagar. Glacier, spring and snow are the
permanent sources of water to this river. The water in Nallas and the river and the
high temperature causing high discharge during the months of July, August and
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September and in effect causing severe floods in these months. The river flows
between unbroken lines of houses constructed on both the embankments. The
waterway is narrow between Amira Kadal and Safa Kadal and beyond Aali Kadal the
river follows a south-westerly direction making a big loop. Below Srinagar the river
passes through high embankments on either of its sides. The Anchar Lake, Shalabug
Nambal and Rakhi-i-Rabitar are situated along its right bank.
The various hydro metrological parameters of the study area from 1990 to
2010 are presented in table 5.3.
Table 5.3: Hydrometeorological parameters.
Year
Avg. Annual
Discharge(cusecs)
Total Annual
Rainfall(mm)
Discharge to
rainfall ratio
1990 8770 1126 7.8
1991 10467 1039 10.1
1992 22335 1261 17.7
1993 20775 1114 18.6
1994 10401 1057 9.8
1995 27683 884 31.3
1996 26279 1090 24.1
1997 24098 967 24.9
1998 7591 982 7.7
1999 4994 828 6.0
2000 8830 905 9.8
2001 8007 897 8.9
2002 9826 802 12.3
2003 19228 1054 18.2
2004 15737 1029 15.3
2005 24098 1174 20.5
2006 27034 1194 22.6
2007 14098 754 18.7
2008 15310 845 18.1
2009 16498 766 21.5
2010 25870 1180 21.9
Source: Department of Flood Control (P & D Division) and Regional Meteorological Centre, Srinagar
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discharge in the river from 1990 to 2010
a decreasing trend
Discharge – rainfall relation (1990-2010)
Fig. 5.2
ig.5.3.
Discharge to rainfall ratio
Fig.5.3
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5.6 Flood Frequency Analysis
The most important factor determining flood hazard is flood frequency.
Available data for the decade 1992 – 2011 and flood inundation map which was
obtained from the state irrigation and flood control department Srinagar, the inundated
area in each year were converted into individual GIS layer; flood occurrence or the
return period of every peak discharge event has been worked out which helped in
depicting the frequency of flood occurrence in the study area.
The twenty year annual peak discharge data of Munshi Bagh gauging station
has been collected and analysed for the calculation of flood frequency and return
periods (1 year, 2, 5, 10, and 20 year) to estimate the flood occurrence and the
intensity. Further insight to flood frequency is provided by the return period analysis
using the most efficient formula for computing plotting positions for unspecified
distributions, now commonly used for most sample data, is the Weibull equation
(2007):
P = m/ n+1
Where, m is marked highest to lowest (Descending), p is an estimate of the
probability of values being equal to or less the ranked value. For the probabilities
expresses in percentages, the value of P becomes
P = m/n+1x100
Onni S. et al. (2007) compared Weibull, Gringortan and L-Moments formula
for flood frequency distribution of Sarawak river, Malaysia and found that L-
Moments method always give the least ratio at some stations and gives unreasonable
return period and reduced variate range. Therefore the appropriateness of L-Moments
with Gumbell distribution had some limitations. They observed that between Weibull
and Grigortan formula (2007), Gumbell distribution by Weibull formula is better than
Weibull distribution by Grigortan formula. Weibull and Grigortan formula is still the
best plotting position method to be used with Gumbell distribution for frequency
analysis.
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Table 5.4: Peak discharge at Munshi Bagh gauging station with recurrence
interval and exceedence probability, (1992 – 2011)
Discharge
in cusecs
Discharge in
Decending Order
Rank
(m)
P=m/(n+1) Probability
in Per cent
Return period
(1/P)
40925 45380 1 0.048 4.8 21
38780 40925 2 0.095 9.5 10.5
22360 39900 3 0.143 14.3 7
45380 38780 4 0.190 19.0 5.3
39900 34472 5 0.238 23.8 4.2
34472 29449 6 0.286 28.6 3.5
11875 26185 7 0.333 33.3 3
8153 22360 8 0.381 38.1 2.6
14282 20240 9 0.429 42.9 2.3
7500 17200 10 0.476 47.6 2.1
14740 16800 11 0.524 52.4 1.9
29449 14740 12 0.571 57.1 1.8
20240 14282 13 0.619 61.9 1.6
17200 12200 14 0.667 66.7 1.5
16800 11875 15 0.714 71.4 1.4
10972 11800 16 0.762 76.2 1.3
12200 11000 17 0.810 81.0 1.2
11800 10972 18 0.857 85.7 1.2
26185 8153 19 0.905 90.5 1.1
11000 7500 20 0.952 95.2 1.1
Source: Department of Flood Control (P & D Division), Srinagar
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Table 5.4 shows a typical pattern of annual peak discharge for the period 1992
to 2011 which generally starts to peak in the months of July, August and September
with the maximum in the month of September. Recurrence interval of various peak
discharges has also been shown in the table 5.4. The annual peak discharge with
recurrence interval of one year is having a magnitude of 10217 cusecs and the
exceedence probability is 85.7%. The two yearly recurrence interval is expected to
have a magnitude of 15910 cusecs with the exceedence probability of 57.1%.
Similarly for the five year recurrence interval the value of peak discharge is calculated
38780 cusecs with an exceedence probability of 23.8% , which means that an annual
peak discharge with magnitude of 38780 cusecs has a probability of 23.8% to be
equalled or exceeded every year on an average. The value of annual peak discharge
with ten year recurrence interval is 40925 cusecs which is having an exceedence
probability of 9.5%. The chance of twenty year recurrence peak may come with a
magnitude of 45380 cusecs and its exceedence probability is 4.8%.
5.7 Vulnerability Assessment Framework
a) Variables used for flood vulnerability and hazard mapping
A flood hazard map integrating hydrological data with socio-economic
variables could be used to account for intangible damage (Boyle et al., 1998). The
variables considered here include, elevation, housing density, population density,
literacy, primary working population, total females, total households, total working
population. These variables of every ward and village in combination is chosen as an
indicator of the socio-economic assets under potential flood threat, which helps in a
comprehensive flood management strategy protecting vulnerable population from
intangible damages.
b) Weightages for the composite vulnerability index
The weighting scheme for the vulnerability index was implemented in three
steps. First, in order to depict the heterogeneity of different environmental and socio-
economic factors contributing to flood hazard, all the eight variables were
standardised and named. Second a knowledge-based weighting scheme was applied to
each of eight variables: indicators that represent a high level of dispersion were given
more weight; a variable depicting a uniform situation across the study area is not
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likely to distinguish between vulnerable and non vulnerable zones. The variable
‘elevation’ was attached to high importance because the low lying areas of the study
areas are frequently inundated by flood water.
c) Computation of composite vulnerability index
Villages were ranked for each of the indicators. Vulnerable ranks are
commonly integrated into multiplicative model to create a composite vulnerability
index. A knowledge based ranking procedure was adapted to effectively use all the
vulnerability indicators in a composite framework. The main objective of the analysis
was to obtain a general identification of the critical areas which are frequently
affected by floods and hence are more vulnerable and at the same time identification
of the less and moderately vulnerable areas of the study area, which will be helpful for
the future developmental planning.
5.8 Socio-Economic Analysis
The socio-economic component is part of the socio-economic system; the
flooding affects the day-to-day lives of the population that belongs to the system. The
social component relates to the presence of human beings and encompasses issues
related to it, for example deficiencies in mobility of human beings associated with
gender, age or disabilities. Urban floods can cause destruction of houses, disruption in
communications, in the agricultural process, or even fatalities. The economic
component is related to income or issues which are inherent to economics that are
predisposed to being affected. There are many economic activities, which can be
negatively affected by flooding, Among them are tourism, fisheries, navigation,
industries, agriculture, availability of potable water, etc. This influences the economic
prosperity of a community, region or an urban area.
In order to accomplish the flood vulnerability assessment, the socio-economic
data analysis of the study area was carried out using geo-spatial techniques. The
socio-economic data analysis was carried out at village and ward level using the
census data. The socio-economic data had to be converted into the GIS format for
geospatial analysis of the various socio-economic parameters. Socio-economic GIS is
a new emerging field that provides insight into the socio-economic aspects of
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environmental and physical problems and could be useful aid for linking the
environmental problem to societies (Buckle et al., 2000).
The whole study area comprises of 537 villages with a total population of
16.25 lakh persons distributed among 256093 numbers of households. Various socio-
economic parameters like total population, population density, female population,
total literacy, total households, housing density ,total working population, primary
working population and one of the main physical parameter that is elevation have
been analyzed using geo-spatial technique.
5.8.1 Elevation Zonation
The elevation zones of the study area are shown in the fig. 5.4, which has been
divided into five classes. The study area covers a vast area of Jhelum valley floor
characterized by gentle undulating topography, while the south west and southern
peripheries have presence of elevated lands known as karewas whose elevation varies
from 1700 to 2000 meters above sea level and occupy large areas in the Tehsil of
Budgam, Chadoora, Pampore and Pulwama. From the north to north- west are the
peaks of Zabarwan hills. The low lying parts of the study area are below 1600 meter
elevation, because majority of the flood events have been encountered under this
zone, hence is considered as the flood plain of the study area. The whole municipal
limits of the city lies below 1600 meters hence remains continuously under flood
threat.
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Source: Generated from SOI toposheets 1971
Fig. 5.4
5.8.2 Population Density
The very high density residential areas are located around old and new
commercial centres of the study area, comprising of the wards of Islamyarbal, Syed
Ali Akbar, Khanyar, Khan Khai Mohalla , Aloochi Bagh , Maharaj Gung (Fig. 5.5)
having a density of more than 40,000 persons per square kilometre. Similarly the
wards of Jawahar Nagar, Karan Nagar, Magar Mal Bagh, Soura, Jogi Lankar,
Kawdara and Nawabazar, have high density ranging between 20,000 to 40,000
persons per square kilometre, which constitute the interior wards of the city. These
areas represent the other leading business centres with large scale administrative and
commercial activities. Thus a highly concentrated pattern of population density is
Chapter – 5 Flood Vulnerability Assessments and Hazard Zonation
94
found in the interior wards of the city, which is also the hub of the city. The outer
wards and villages of the study area have comparatively low density of less than
20,000 persons per square kilometre, the cause of low density in these wards and
villages are there recent origin and there rural characters respectively, where a
significant proportion of land is either vacant or devoted to agricultural and
horticultural activities.
Source: Generated from Census of India 2001 and 2011 (projected)
Fig. 5.5
5.8.3 Female Population
The distribution of female population in the study area is not uniform, the
areas which have the higher concentration of female population in the study area,
comprises the wards of Shiekh Dawood Colony, Islamyarbal, Syed Ali Akbar,
Khanyar, Malik Angan, Khan Khai Mohalla, Batamaloo, S.R. Gung (Fig. 5.6) having
(2011)
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more than 30 percent of the total female population , similarly the wards of
Hyderpora, Batmaloo, Bemina, Joji Lankar, Harwan and almost all the exterior wards
of the city having 20 to 30 percent female population similarly the villages falling in
the study area having less than 20 percent female population. The reason for the very
high and high percentage of female population in the city limits of the study area is
the large scale migration from rural areas towards the city for better education, jobs,
healthcare and provision of other facilities.
Source: Generated from Census of India 2001 and 2011 (projected)
Fig. 5.6
5.8.4 Households
In 1961 Srinagar had 34,741 residential houses provided shelter to 41,630
households and 2.85 lakh population which increased to 54078 houses in 1971 and
(2011)
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accommodated 66890 households and 4.57 lakh population. The figures increased to
64863 houses providing shelter to 87722 households and 5.95 lakh population 1981.
This clearly makes it evident that housing backlog though very small has
progressively increased since 1961.
The distribution of households in all the villages and wards of the study area
have been highlighted in fig 5.7. Since maximum population density is found in the
city than rural urban fringe, hence maximum households are found in the wards of the
city than the villages in rural urban fringe of the study area, from the figure it is
evident that Shiekh Dawood colony has the maximum no. of households (5954)
because of its location and areal extent , where as the Takia Saifullah shah has the
minimum no. of the households in the study area because of being purely rural in
nature, hence the distribution of households in the study area is highly uneven.
Source: Generated from Census of India 2001 and 2011 (projected)
Fig. 5.7
(2011)
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5.8.5 Housing Density
The very high housing density areas are located in the interior wards of
Islamyarbal, Maharaj Gung, Lalchowck, Batamaloo, Khan Khai Mohalla, Nowhatta,
Rainawari and Dalgate (Fig. 5.8) having the housing density of more than 8000
households per square kilometre, similarly the ward of Jawahar Nagar, Karan Nagar,
Magarmal Bagh, Kawadara, Jogi Lankar, Nawa Bazar, Barzula and some interior
wards from north-eastern and north-western sides of the city having 3000 to 8000
households per square kilometres.
Source: Generated from Census of India 2001 and 2011 (projected)
Fig. 5.8
The villages under the study area are having low housing density of less than
3000 households per square kilometre. As already discussed that the population
density of maximum wards of the study area are having very high density of
population, hence it is clear that higher the number of population higher will be the
(2011)
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number of households to cater the needs of their shelter. The higher housing density
in some wards of the city is because of less availability of land, very high price of
land and the migration of the people from rural areas to city for better prospects of
life, hence becomes the cause of high housing density in the city area.
5.8.6 Literacy Rate
The fig.5.9 shows the distribution of literate population of the study area. The
pattern of literacy has registered a decrease with increase in distance from the city.
The areas which have the higher literacy rate comprises the wards of Shiekh Dawood
Colony, Nundreshi Colony, Allochi Bagh, Batamaloo, Islamyarbal, Ahmad Nagar,
Hawal which have the literacy rate of more than 40 percent, similarly the wards of
Natipora, Rawalpora, Baghat, Nowshera, Harvan, Jawahar Nagar, Chanapora have 30
– 40 percent literate population, the villages falling in the study area are having less
than 20 percent literate population.
Source: Generated from Census of India 2001 and 2011 (projected)
Fig. 5.9
(2011)
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The higher literacy rates in some of the wards is because of the locational
advantages which suggests the overriding influence of location and accessibility of
other factors that has been instrumental in achieving high literacy rate. The reason for
the lower literacy rate in villages is because of low accessibility to educational
facilities, awareness and income of the parents.
5.8.7 Primary Working Population
The comparative analysis of sectoral distribution of workers in Srinagar reveal
that majority of the active workers have been engaged in tertiary sector including
trade and commerce, transport and service activities, secondary sector which includes
industrial and construction activities has remained at low-ebb and primary sector
which are often referred as non-urban occupation including agriculture, live stock,
forestry and allied occupations.
Greater Srinagar presents a different picture in its sector-wise distribution of
workers. Greater Srinagar is having large number of rural settlements has 66.57 per
cent workers engaged in tertiary sector, 23.43 per cent in secondary sector and 10 per
cent in primary sector. Higher percentage of tertiary and secondary sector workers is
mainly because most of the industrial estates of Srinagar city are located in or in the
vicinity within the limits of the city. Primary sector occupation constitute higher share
of workers compared to main city mainly because of their rural characteristics and
nature. The primary working population of the city in the wards of Iddgah, Bemina
West, Pandrathen, Zakura, Alasteng, Humhama, Dara, Laway Pora, Ahmad Nagar,
constitutes about 3 percent engaged in primary activities, similarly the ratio gets
increased as we move away from the city towards rural urban fringe (Fig. 5.10)
Chapter – 5 Flood Vulnerability Assessments and Hazard Zonation
100
Source: Generated from Census of India 2001 and 2011 (projected)
Fig. 5.10
5.8.8 Total Working Population
The proportion of actual workers to total population depicts the rate of
economic productivity and also the rate of unemployment or dependency ratio. The
participation rate of workers was not so impressive in the City in 1971 when it was
only 26.43 per cent. However, slight improvement has been recorded as it has
increased to 29.30 per cent in 1981, 33.60 percent in 1997 for Srinagar and 31.42 per
cent for Greater Srinagar. The productive population during 1997 has been estimated
61.26 per cent for the city and 58.32 per cent for Greater Srinagar which was 54.98
per cent in 1971 and 58.88 per cent in 1981. The survey findings also reveal that there
(2011)
Chapter – 5 Flood Vulnerability Assessments and Hazard Zonation
101
is a large proportion of non-working population (dependents), registering 66% which
also include marginal workers and seasonal labourers that are rendered unemployed
during lean season. It is evident from the fig.5.11, that the proportion of working
population is high in some of the wards of study area, because of presence of hi-tech
commercial activities, besides some of the wards and majority of the villages of the
study area has high proportion of marginal workers and seasonal labourers, which
decreases the ratio of working population in these areas.
Source: Generated from Census of India 2001 and 2011 (projected)
Fig. 5.11
The problems of Srinagar City and its environs constituting the metropolitan
area are becoming more and more critical with the increase in population and
(2011)
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deterioration in existing level of services. The problems are assuming serious
propositions in all aspect of urban living and are extremely critical in major sectors of
sewerage, drainage, traffic and transportation, housing for urban poor, conservation of
natural or cultural heritage. For instance at present Sewerage generated in city is
directly draining or pumped into water bodies, traffic and transportation problems
have begun to impose serious constraints on orderly development and mobility rising
cost of land and construction has put lower incomes out of housing market. The city
despite having water available in plenty is confronted with acute shortage of potable
water supply. Similarly large deficiencies in amenities/facilities and other sectors
have begun to impose serious constraints on the orderly and planned development.
The increased pace of urbanization has further aggravated the problems which lands
the study area in the lap of different kinds of natural and manmade disasters.
5.9 Flood Vulnerability Assessment
The assessment of the flood vulnerability is a new paradigm that has brought
into focus the socio-economic forces that determine the level of vulnerability at the
local level (Guarin, 2003, King and Mc Gregor, 2000).
It is a fact that, living in an area with a certain physical vulnerability, the
social vulnerability may vary by a degree of magnitude, depending upon the social
status of the societies. The socio-economic factors that were considered for making a
society more or less vulnerable are, population density, female population, literate
population, households, housing density, primary working population, total working
population.
Urban growth is frequently associated with an expansion of impervious
surfaces, the loss of areas with higher infiltration capacities and therewith a severe
impact on the ecosystem. Resulting land use/land cover changes frequently lead to an
increase of flood hazards, At the same time, the growing amount of people and goods
located in hazard prone areas intensifies the vulnerability and finally the risk towards
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natural forces. The understanding of risk and risk generation is regarded being a
fundamental prerequisite for the induction of prevention and mitigation measures.
Vulnerability is regarded being a multi-scale and highly dynamic issue that
can only be estimated using a variety of input data from different sources and on
different spatial scales (Badilla, 2002). The focus of this research is set on the
assessment of rural/urban vulnerability towards floods in greater Srinagar, where
regularly occurring flood events pose a threat to people and infrastructure. Urban
planning does neither consider the flood hazard nor the resulting risk in a sufficient
manner. The potential of using planning tools as an instrument to prevent hazards is
not tapped. With the goal to raise awareness for the possible lack of coping capacities
of the elements at risk, a tool to identify areas with different vulnerabilities is being
developed. Using an indicator-based approach, the complex problem of vulnerability
is addressed in from an interdisciplinary background. Physical and natural aspects as
well as demographic and socio-economic aspects are combined in a comprehensive
indicator framework, Methods of GIS, remote sensing and spatial statistics are applied
to analyse a variety of data sets from different sources in order to obtain information
about the vulnerability of those elements located in the hazard zones, both people and
infrastructure. One of the aspect to investigate the potential use of very high
resolution (VHR) satellite data and the past flood inundation data for physical and
social vulnerability analysis by comparing them with socio-economic census data and
results from field surveys. The result from this part of the study is a vulnerability map
for the study area using multi-criteria analysis, the indicator values resulting from the
analysis of remote sensing, GIS, census data and information obtained during field
surveys are rated and analysed consequently.
Multi- criteria evaluation (MCE) methods have been applied in several
studies. Since 80% per cent of data used by decision makers is related geographically
(Malczewski, 1999), like the Geographical Information System (GIS) may provide
more and better information about decision making situations, GIS allows the
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decision maker to identify a list meeting a predefined set of criteria with the overlay
process (Heywood 1993). In order to create flood vulnerable maps ranking method is
used and each factor is weighted according to the estimated significance for causing
flooding. Maximum weight of 30% has been assigned to Elevation being highly
significant for causing flood. Equal weightage of 15% have been given to housing
density, population density and total households and 10% weight has been given to
total working population, whereas weightage of 5% have been given to literate
population, primary working population and female population. In Ranking Method,
every criterion under consideration is ranked in the order of the decision maker’s
preference. To generate criterion values for each evaluation unit, each factor was
weighted according to the estimated significance for causing flood .There are two
common ways of doing this; straight ranking (e.g. most important =1, second
important=2) or the inverse ranking (the least important =1, next least important=2
etc). The straight ranking was applied to these factors The indicators were reclassified
to a common evaluation scale (1-5) for analysis, 1 representing the most important
(sensitive) factor and 5 is the least significant. The table 5.5, shows the details of the
parameters and the weights assigned to them before the overlay analysis. Then finally
integrating these physical and socio-economic factors in GIS environment, the flood
vulnerability at both the village and ward level was determined which is shown in the
Fig. 5.12. The flood vulnerability was categorised into three classes: highly
vulnerable, moderately vulnerable and low vulnerable areas.
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Table 5.5: Parameters and Weights
Parameters/units
Weightage of
Variables
(% age)
Sub-class of
parameters Rank
Elevation
(Meters) 30%
< 1585 1
1586-1590 2
1591-1595 3
1596-1600 4
> 1600 5
Housing Density
(Houses/sq.km) 15%
> 9426 1
7070-9425 2
4715-7069 3
2359-4714 4
< 2358 5
Population Density
(Persons/sq.km) 15%
> 69803 1
52357-69802 2
34911-52356 3
17465-34910 4
< 17464 5
Literate Population
(%age) 5%
< 10.75 1
10.71-21.50 2
21.51-32.25 3
32.26-43.00 4
> 43.01 5
Primary Working
Population
(%age)
5%
> 7.45 1
5.59-7.44 2
3.73-5.58 3
1.87-3.72 4
< 1.86 5
Females Population
(%age) 5%
> 37.37 1
28.03-37.36 2
18.69-28.02 3
9.35-18.68 4
< 9.34 5
Households
(No. of Houses) 15%
> 4764 1
3574-4763 2
2383-3573 3
1193-2382 4
< 1192 5
Working
Population
(%age)
10%
< 7.1 1
7.2-14.2 2
14.3-21.3 3
21.4-28.4 4
28.5-35.5 5
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Fig. 5.12: Classified Maps of Settlements Vulnerable to Flood
Source: Generated from Census of India 2001 and 2011 (projected)
Table 5.6: Flood hazard Vulnerability
Sr. No Vulnerability
Class
No. of Villages
likely to be
Affected
Total
Population
Likely to be
Affected
(Persons)
Per cent of
Total
Population
Number of
Female
Population
Likely to be
Affected
No. of
Households
Likely to be
Affected
1 Low 424 620662 39 298001 90082
2 Moderate 99 671212 41 309395 110060
3 High 14 332913 20 152072 55951
Total 537 1624787 100 759468 256093
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A perusal of table 5.6 reveals that 39 per cent population residing in 424
villages with 90082 households covering an area of 64.97 per cent of study area are
vulnerable to low levels of flood, while as 41 per cent population belonging to 99
villages with 110060 households covering area of 34.66% out of the total area of the
greater Srinagar vulnerable to moderate floods. However about 20 per cent population
of 14 villages with 55952 households covering an area of only 0.35% are highly
vulnerable to floods.
Source: Generated from Census of India 2001 and 2011 (projected)
Fig. 5.13
The wards which fall under high flood vulnerability zone are shown in the Fig.
5.13 These fourteen wards whose names are given in the map are the interior parts of
the city which constitutes about 20% of the total population and is having 55952
households of the study area, thus a huge number of population and assets are highly
vulnerable to floods. These interior city wards constitute high class commercial
activities and the main educational and healthcare institutions are also located in this
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zone which in turn increases the vulnerability of this zone. Similarly the areas falling
under moderate vulnerable zone are shown in the fig 5.14 these 99 wards and villages
comes under moderate vulnerable zone constitutes about 41% population and 1.10
lakh households of the total study area. The municipal wards which comes under this
zone are the exterior wards of the city and the villages falling under this zone are the
low-lying villages which lies below the 1600 contour, in this zone the construction of
new residential colonies, the establishment of modern commercial centres and the
construction of high ways and new roads are taking place at a very faster rate, which
makes the area more and more vulnerable. The distribution of land use / land cover
classes found in the study area discussed in chapter four, reveals that the study area
has nine major land use /land cover classes, If we compare the proportion of area
under different land cover types of years 1992 and 2010, it is evident that the area
under built-up has got a tremendous increase from 68 sq.kms in 1992 to 133.93
sq.kms in 2010 with an increase of 6.17 percent which means 100% growth in just
two decades, This increase in Built-up has been found mostly on account of
agriculture land and wetlands, which acts as sponge for flood water during the flood
event, similarly the increase in built-up in the study area decreases the permeability,
which in turn increases the runoff, thus it is evident that, in the event of the flooding
maximum damage to property and people shall occur in the study area because of the
large number of people and assets exposed to the flood event, whose proportion is
increased at an alarming rate.
During field validation, it was noted that a sizeable portion of the study area
especially low lying areas are flood prone. These areas are not suited for the
permanent construction and development, some of these areas e.g. Mahjoor Nagar,
Bemina, Hyderpora, Nowgam, Peer Bagh, Batamaloo, and some interior wards of the
city have experienced widespread residential expansion with problems of drainage,
sewerage, poor road network and inadequate urban amenities and face problems of
frequent occurrence of floods. The longest drain has been constructed in chanapora
and Natipora area which is about 13589.066 feet, because of most of the areas are
urbanized with no proper planning and maintenance. These areas are prone to
flooding since early times as they are the low lying areas of Srinagar. Most of the rain
water gets directly connected to runoff which results in the flooding and inundation of
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these areas. In most of the areas of the study area 70% precipitation is becoming
runoff, this suggests that more advanced and planned drainage network is a crying
need in Srinagar.
Source: Generated from Census of India 2001 and 2011 (projected)
Fig. 5.14
5.10 Flood Hazard Zonation
The distribution of land use / land cover classes found in the study area,
discussed in previous chapter, reveals that the study area has nine major land use
/land cover classes viz-a-viz plantation, wetlands, scrub, Forest, Brick kiln,
Horticulture, Built-up, Agriculture and water bodies, the statistics and the maps of the
same are shown in the previous chapter. If we compare the proportion of area under
different land cover types of years 1992 and 2010, it is evident that the area under
built-up has got a tremendous increase from 68 sq.kms in 1992 to 133.93 sq.kms in
2010 with an increase of 6.17 percent, which is almost 100% growth. This increase in
Built-up has been found mostly on account of agriculture land and wetlands, thus it is
evident that, in the event of the flooding maximum damage to property and people
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shall occur in the study area because of the large number of people and assets exposed
to the flood event, whose proportion is increased at an alarming rate.
Hazard Zonation mapping is essential to understand and address risks that
confront the community to tackle the flooding. Flood hazard mapping forms the
foundation of any flood management action plan. Apart from the natural factors and
forces, human activity and socio-economic status can significantly impact the
incidence and magnitude of the flooding. Therefore flood hazard Zonation mapping of
the study area has been carried out by integrating past flood inundation of various
flood events viz-a-viz 1988, 1992, 1997 and 2006, all these flood events occurred
during the months of august and September, the inundated area of these flood events
(Fig. 5.15) and the elevation criteria obtained from the use of bench marks and spot
heights from the toposheets of the study area, The hazard Zonation map for the study
area were obtained after integrating the relevant data in GIS using overlay analysis.
Fig. 5.15: Past flood events inundation map
Source: Generated from SOI toposheets 1971 & flood inundation map(Irrigation & Flood control
Dept.)
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From all the possible combinations of the physical and social vulnerable
classes achieved in the overlay analysis, the study area were ultimately categorised
into four zones; high hazard zone, moderate hazard zone, low hazard zone and no
flood area zone. Fig. 5.16, shows spatial distribution of flood hazard zones of greater
Srinagar.
Fig. 5.16 Flood Hazard Zonation Map
Source: Generated from SOI toposheets 1971 & flood inundation map (Irrigation & Flood control
Dept.)
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The results reveal that greater Srinagar has an area of 505.43 sq.kms,
amounting 47.29 percent of the total area of greater Srinagar in high flood hazard
zone, an area of 164.61 sq.kms, amounting 15.40 percent of the total area in moderate
hazard zone and an area of 242.25 sq.kms amounting 22.66 percent of area in low
hazard zone. An area of 156.43 sq, kms amounting 14.64 percent of the total area of
the study area is categorized in no flood area, as this zone comprises of elevated land
of the study area and has never encountered the flood event and hence termed as no
flood area. The high and moderate hazard zone lies below the 1600 meter altitude,
which constitutes the whole city and the low lying parts of the study area, which
remains continuously under flood threat whenever there is continuous rain for two to
three days as this area gets inundated as has been seen in the past flood events and
creates miseries for the people living in these areas. The low hazard zone and no flood
area lies above the 1600 meter altitude and constitutes the uplands of Harvan,
Pampore and Budgam, these areas have very good connectivity with the main city and
so can be developed for commercial and residential purposes so as to lower the
pressure on the city, which in turn will help in reducing the flood hazard vulnerability.
The integration of past flood inundation with the final hazard Zonation map of
the study area after validation shows more than 90 % accuracy. Thus the integration
of the physical and social vulnerability criteria adapted here for determining the
overall vulnerability of the people and places in the study area shall aid in developing
and designing developmental schemes that aim at enhancing the social status of the
people living in these villages and wards and also taking up physical flood control
measures to reduce the vulnerability of the people living in the greater Srinagar.
Particularly the hazard Zonation shall facilitate development of zonal and targeted
plans in the study area to develop robust strategy for mitigation and control of floods
in the long run.
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6.1 Conclusion
Whatever the size or the type of the natural hazards is, being prepared for
them does decrease their destructive effects in the communities. Especially,
identification of susceptible people is very important for the pre- and post-disaster
interventions. In this respect, the subject of this study is decided as establishing a
methodology for identifying the vulnerable groups for any possible hazard, in terms
of their social conditions.
In order to achieve the aims of the study, GIS plays one of the crucial roles in
designing the methodology. Therefore, the developed GIS-based Social Vulnerability
Assessment brings easiness on the identification of social vulnerable groups from the
complicated approaches. Moreover, the methodology gives a new contribution to the
approach of analyzing the social indicators with comparable methods and spatial
techniques.
This study presents the methods and techniques to assess and mapping the
vulnerable area of the flood hazard. This study has presented that hydrological
data is not enough for the assessment of flood hazard. Assessing flood hazard is
a multi-dimensional problem. Hydrological data can be meaningfully integrated with
socioeconomic data to create a flood hazard database. Such a database, when related
to a map adds an additional dimension to its functionality. This study has also
shown how flood hazard related information can be extracted from satellite
imageries and synthesized with census data at village / ward level to identify the land
use that are exposed to different degree of flood risk. Further integration of pre and
post flood satellite imageries and local knowledge into mapping process can
make local resident responsive and supportive. Thus, GIS mapping provide
improved ways of presenting vulnerability and hazard risk that can be applied at
local levels. The flood vulnerability analysis and mapping helps to planner, insurers
and emergency services. It is a valuable tool for assessing flood risk and
preparedness to mitigate the impact of flood. The study fully appraised the role
of Geoinformatics in decision making process using GIS based flood hazard
zoning maps.
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The study shows that 39 per cent population residing in 424 villages with
90082 households covering area of 64.97% of study area vulnerable to low, 41 per
cent population belonging to 99 villages with 110060 households covering area of
34.66% out of the total area of the study area vulnerable to moderate and about 20 per
cent population of 14 villages with 55952 households covering an area of only 0.35%
are highly vulnerable to flood hazard.
This Study also shows that greater Srinagar has an area of 505.43 sq.kms,
amounting 47.29 percent of the total area of greater Srinagar in high flood hazard
zone, an area of 164.61 sq.kms, amounting 15.40 percent of the total area in moderate
hazard zone and an area of 242.25 sq.kms amounting 22.66 percent of area in low
hazard zone. An area of 156.43 sq,kms amounting 14.64 percent of the total area of
the study area is categorized in no flood area, as this zone comprises of elevated land
of the study area and has never encountered the flood event and hence termed as no
flood area.
The study also helped in determining the overall vulnerability of the people
and places in the study area which shall aid in developing and designing
developmental schemes that aim at enhancing the social status of the people living in
these villages and wards and also taking up physical flood control measures to reduce
the vulnerability of the people living in the greater Srinagar. Particularly the hazard
Zonation shall facilitate development of zonal and targeted plans in the study area to
develop robust strategy for mitigation and control of floods in the long run.
6.2 Suggestions
Floods are natural phenomena which cannot be prevented. However, human
activity is contributing to an increase in the likelihood and adverse impacts of extreme
flood events. Firstly, the scale and frequency of floods are likely to increase due to
climate change - which will bring higher intensity of rainfall and rising sea levels - as
well as to inappropriate river management and construction in flood plains which
reduces their capacity to absorb flood waters. Secondly, the number of people and
economic assets located in flood risk zones continues to grow.
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The state and central governments have already initiated flood protection
measures but concerted and co-ordinated action at the level of the people would bring
a considerable added value and improve the overall level of flood protection. Given
the potential risk to human life, economic assets and the environment, we cannot
afford to do nothing. The country’s commitment to sustainable development could be
severely compromised if appropriate measures are not taken. In addition to economic
and social damage, floods may have severe environmental consequences as for
example mixing up of waste water/effluents domestic or industrial with that of fresh
water. Floods may also destroy wetland areas and reduce biodiversity.
Flood risk management aims to reduce the likelihood and/or the impact of
floods. The most effective approach is through the development of flood risk
management programmes incorporating the elements are prevention, protection,
preparedness, emergency response and recovery.
Floods have been recurrent phenomena in the study area. A heavy
precipitation, usually coming during the end months of the summer season in
association with sudden cloudburst, leads to severe flooding in the study area. By now
the catchment area of the river is already saturated and the high run-off swells the
rivers beyond their capacity and in no time whole study area is converted into a big
Nambal. Not all the havoc is created by the nature; man also has added to his
misfortune in a big way. With unprecedented population growth, human settlements
have flourished on the floodplain of the river. At the times of high flow, the river
swallows up its floodplain and inundates the agricultural lands with incalculable
losses to the crops, livestock and human settlements. The decrease in forest cover in
the upper catchment of the river and the shrinkage of wetlands in the lower parts of
the floodplain has further aggravated the problem. The most obvious way of dealing
with the floods in the study area is to increase the carrying capacity of the river
Jhelum and flood spill channel so that the whole flood discharge is contained within
the banks of the drainage channels.
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A flood prevention plan for the study area should include the following:
(a) Urban Planning and Zoning: This sector has generally not been adequately
linked to flood disaster mitigation in the study area so far, even though these issues
have been mentioned repeatedly at different fora by administrators, practitioners and
NGOs working in the area of disaster management. Human settlements must be
viewed not only from the perspective of their vulnerability, but also from the
perspective of the hazards that they create or that they exacerbate.
(b) Building Codes and Enforcement: Building codes are adhered to only in
engineered structures, and not in the huge majority of houses in rural and urban areas.
The codes that apply to engineered structures are often quite adequate. The building
codes have to be upgraded constantly as new information becomes available. The
greatest challenge, however, is in respect to enforcement of the building codes.
(c) Flood Proofing: This is an approach to reduce flood vulnerability that has been
used in parts of Bihar, Uttar Pradesh and few other flood prone states of the country.
Flood proofing involves constructing the house, the vegetable garden, livestock pen,
grain stores, toilets and water wells above the flood level. The households (or small
clusters of households) and their important assets are safe from floods as long as they
plan properly.
(d) Urban Settlements and Housing: There is need to look closely at settlements,
which are being developed by private builders and developers and are increasing
flood vulnerability in urban and rural areas of the study area. If they continue to build
new settlements in low lying lands reclaimed from lakes, wetlands and riversides
through the construction of levees, more and more areas will become prone to floods.
(e) Agriculture: These projects should be assessed from the perspective of the flood
hazard. Much of the flooding that affects large rural habitats and agricultural lands is
because of reduced drainage as a result of the expansion of agricultural activities into
low-lying areas that previously served an important drainage function.
(f) Roads and Infrastructure: Standards are generally set to protect roads, railways
and power and communication infrastructure from being damaged or destroyed by
any flood event, depending on the infrastructure element’s importance. Any new
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infrastructure project should study the disaster impact analysis by the competent
agency and ensure that construction does not impede water flow and cause deeper or
prolonged floods. Designing the road to that higher standard originally requires
thinking not only in terms of the vulnerability of the road to the floods, but also in
terms of the road’s contribution to the hazard, Mainstreaming disaster risk reduction
in planning the road would protect gains in the economic sectors and would lead to
the development.
(g) River regeneration programme: A river regeneration programme for the urban
river reach, including the removal of artificial obstructions built in the main channel,
pollution control and a river maintenance plan.
(h) Peoples participation: Measures for enhancing the citizen’s participation on
flood prevention actions.
(i) Insurance: Insurance distributes disaster risk among the broader society, and
makes great sense when risk has been reduced to some acceptable level.
(j) Wetland Restoration: Wetlands must be restored to their original status in order
to avoid the grim flood situation.
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